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INTERDEPARTMENTAL CORRESPONDENCE 



From: S. D. Pearson 



Dats: 



January 12, 



To: Dislribulion 



Retention Limit: 01/1/90 



Subject: P901 17 Experimental Test Plan - Vacuum Requirements Run 

This memo summarizes the run plan for the upcoming 70^ run scheduled to start the week of January • 7 
and run thru the week of January 23. 



The specific objectives for this run are: 

1 ) Continue assessment cf the 70^ process reliao'.lny. 

2) Evaluate what the vacuum requirements are for stages 11 3v iii. 

Soth of these are key issues to set us up properly for the upcoming S-em.i-Works run at the end of 
February. The experiments to accomplish both objectives are straightforward. To assess the 
reliability we will start-up and run toste^-state twice; once using our standard conditions of 15 
mmHg in stage I and full vacuum for the remainder of the reactors, and another time at i mmHg in 
sia^s !l & ill, Assuming this is successful .we vyill have run a total of 3.5 replicate runs with no 
unexplained aberrations ( 0.5 from an experiment where only the first three reactors were at steady- 
state). 

The vacuum experiments will be in two parts: in the first, both stage II & ill pressure will be 
maintained at either full vacuum . l mmHg, 3 mmHg. or 5 mmHg, while in the second part of the 
experiment the more norma! distinction in pressures between stage !l & !!! wii: oe tried. Sy allowing 
the pressure to De constant over stages II & lIMn the first part we will approach a pseudo- 
equilibrium point which can be used to infer the correct loc-ationsof sta^ I! & li!. Recovery from 
this point and driving the reaction to completion is what we hope to demonstrate from the second part 
of the vacuum experiments. Please note that some of the run c-onditions may fulfill more than one part 
of the objectives. 

Completion of the above experiments during the P901 1 7 run will put us in a relatively good position for 
the Semi -Works run. 



The run consists of seven experiments; the first and last are start-up and run to st&^-state reiiabi ;iiv 
runs, while the other five are aimed at stage II & ill vacuum requirements. We will use all the reactors 
through 607 for all the conditions. As in the past, the catalyst injection system will be used to add all - i"* 
i^arbonate and two reactors are planned for stage I ( R600 & R60 1 ).. The experimental conditions are 
shown below: 



EXPERIMFNTAt 



RUN 



STA6E I 
PRESSURE 
(mm H6) 



R600/ 1/2/3 

CATALYST 
(CYCLE, min) 



STAGE I 
HEIGHT 
(inches) 



ALL 



15 



1 1715/7/7 



8 



STA6E II 
PRESSURE 
(R602-R603) 
(mmHq) 



STAGE III 
PRESSURE 
(R604-R607) 
(mmHg) 



6 
7 



FULL VACUUM 
1 

5 
3 



FULL VACUUM 
5 



A blank will need to be installed in the vacuum header pr!or to run 5 to allow stage II imfependence. Run ? 
serves as a test for tne new mill as well as a replicate, the last sucrose catch will be processed with the 
new mill. Stage II esters addition will be evenly split between R60i & R602 

1. Our efforts for the runs should be fxused on the system pressure. It Is critical that the 
experimental conditions be closely monitored and adhered to. Please clear ail significant 

deviations from the run plan through me first. 

2. Detailed analysis schedules will be posted in the lab. -WIPLES MUST BE TAKEN FROM EVERY ESTER 
BLEND. WRITE IN LOGBOOK WHENEVER ADDITIONS ARE MADE TO THE CATALYST TANK. 

3. Maintain sucrose and catalyst feed under vxuum. 

4. - The data should be plotted on a control chart. One person on e^n shift will be responsible for this. 



PROPOSED TIMETABLE 



Cumulative Time (hr) Event 



0 R600 start-up, use two charges from injector initially, once through 

foaming turn on Injector as reactor Is filled 
S R600 through foaming and full , run 1 , feed to drum 

9 feed to R60 1 and add 1 /2 of 2nd stage esters while fillinQ 

n R601 full, feed to drum 

12 feed to R602 and start aOdlno remainInQ 1 /2 of 2nd staoe 

esters to 601 while filling 
1 4 R602 full .feed to R603 and ctintlnue to fill to R606 

22 all reactors full and feeding forward 

40 run 1 complete, start run 2 

50 start 2nd sucrose feed batch preparation 

64 run 2 complete, start run 3 

88 run 3 complete, shut .Jown for Sunday l /22/89. dump R600 
SUNDAY *********"* 

89 start using 2nd sucrose feed batch and proceed with R600 start-up 
97 R600 through foaming and full, run 4. feed to drum 



90 

100 
125 
130 
152 



MMtffiuc to fill to ROOe, aw 2hd Mtigecitcca 
chan^ slurry pump 

run A complete, install blank in vacuum Header , start run 5 

start 2nd catalyst batch preparation 

run 5 complete, start run -6 

start 3rd sucrose feed batch preparation, use new mill 

use 2nd catalyst tDatch 

run 6 complete, drain rea;tors R600-R602 

R600 start-up, use two charges from injector initially, once through 

foaming turn on injector as rea«:tor is filled 

R600 through foaming and fuP. run 7, feed to drum 

feed to R60 1 and add i /2 of ?nd s{xb esters while fillinn 

R601 full, feed to drum 

feed to R602 and start aodino remaininn l /2 of 2nd stage 

esters to 601 while fillintji 

R602 full .feed to R603 and continue to fiil to R606 

all reactors full and feeding forward 

run 7 complete 



176 
!78 



!86 
187 
189 
190 



192 
200 
213 



MATERIAIS 

All feed vessels should be drop tested prior to use.Three sucrose feed batches are necessa,'^ prepared in 
the tol lowing manner: 

1. make soap in 001 

2. pump 1 850-»" of stage I esters into 00 1 from 008 

3. evaporate methanol 

4. pump 1 350-* of stage l esters into 00 1 from 003 

5. add sucrose 

6. pump sucrose slum/ from 00 1 through ailloldal mil! ((? igpm) for first two batches or the new nv^' 
tor tne third batch ( ^ rate to be determ ined by S. Pearson) to 026 

7. feed run from 026 
0 clean and rinse 001 

A tote will be required to feed second stage esters from while making subsequent sucrose batches. For 'r.^ 
2nd and 3rd sucrose batches perform (7) when indicated on the time- line above. Steps 1 -7 should be 
completed in less than 24 hrs. Vessel 026 should be maintained under vacuum during the run. 
as well as any sucrose feed batches that are partially complete. The amount of materia! 
tol lowing methanol evaporation , is: 

Oomoonent Wt oer Batch 

Sucrose 800 

KOH liS 

!-1 (soap) 600 

Ester 3700 



5215 



flethanol requirements 



1200 



Two catalyst batches are necessary, prepared in 50 1 . and transferred to the slurry feed tank as rwu-.r ^: 



(times when this transfer IS made must be recorded). Pull vacuum on 501 using liquid ring pump. Tne 
K2C03 must tie added in 50 ■» increments, waiting 5 min. between additions with the agitator at 1 00% and 
recirculation pump on. Maintain vacuum and recycle on 501 throughout the course of the 
run. Dump and ester rinse 50 1 prior to making 2nd catalyst batch. The 2nd batch must be made in less 
than 5hrs to prevent running out of catalyst in the slurry feecl tank. The amount of material is; 

CVjmDonent Wt per Batch 

powdered K2C03 288 
Ester ^ 



The following is a breakdown of ester requirements for the entire run: 



Pi st rt QijtiQ n 
R. J. Belanger 
D J. Bruno 
D. D. Farris 
R. G. Fencl 
■•B..P..-Gra(V - 
J. K. Howie 
Y. Wee 
w. J. White 
G, R. Wvness 
81dg96 viaC. White 



i'])omponent 



Wt per Batch 



Stg I 
otgil 
Catalyst 



11.100 
15,750 
1.728 




S. 0. Pearson 



IVORYDALE SOAP PLANT - DEPARTHEHT 106 
CONTINUOUS PRODUCTIOH AND CONTROL RECORD 



FG-BASE MAKING Page One CRUDE REACTION 



Lot Number: P-^OJ/^ Hfg. Request Number: 



SOAP MAKING 

Reactor fOD / 



Ingredient 


RMC # 


Lbs. 

Req'd 


Lbs. 

Added 


Time 
Added 


Date 
Added 


Initials 
(1 rea'd) 


I-l 




600 


iod 








Methanol 




1200 






/Jnln- 




Potassium 
Hydroxide 




115 


//J 























STAGE ONE FEED " 

Reactor #001 



Inqredient 


RMC # 


Lbs. 

Reo'd 


Lbs. 

Added 


Time 
Added 


Date 
Added 


Initials 
(1 rea'd) 


Methyl Ester 
Blend 
1st Pump 














Methyl Ester 
Blend 
2nd Pump 














Sucrose 




800 


goo 























Approved by: 

Operating Technician Date ' 
Department Manager Crate 



IVORYDALE SOAP PLANT - DEPARTMENT 106 
COKTINUOUS PRODUCTION AND CONTROL RECORD 



FG-BASE HAKINS 



Page Three 



CRUDE REACTION 



Lot Number: 



Mfg. Request Number: 



RECATALYSIS SLURRY 



f 



Material 



Ester \ 
Blend ^ 
Potassium 
Carbonate 



X 



Ester 
Blend 



y 



Potassium 
Carbonate 



Ester 
Blend 



Potassium 
Carbonate 



Ester 
Blend 



Potassium 
Carbonate 



Ester 
Blend 



Potassium 
Carbonate 



RMC 



K901O3 



Lbs. 
Reo^d 



Z5"0 



Lbs. 

Added 



3al 



Time 
Added 



10 :oo 



Date 
Added 



si 



Initials 
n reo'dl 



Re-catalysis slurry will be made 
ester blend. The slurry will cor 
methyl ester by weight. The 200 i 
last for 50 to 60 hours at norma' 
slurry is made weights can be ad 
K2C03/75% Methyl Ester ratio. 

Approved by: 




^^^^ 



Department Manager 



Date 



Operating TechnicTan 



FG-Base PHot Plant 
Process Operating Log Sheet 



V RBOO 
(Take Reading Every Hour) 

Date: 1/^ / ^\ 
Run No. P- ^0 



iTIme i 
Date 1 Inftlal | 


P^^ig^.*^ 1 Reactor | Vapor | 
Stage 1 | Temp. | Temp. 
Pressure j (F) j (F) 
(nw Hg) 1 TI8600 j TI8600 


Jacket 1 
Steam | 
Pressure 1 
(psfg) j 
P 18600 1 


Rec Ire. 

Pressure 
(psig) 
Pie640 


iHeat Exch. 
1 Steam 
1 Pressure 

1 (pstg) 


|Heat Exch. | Slurry | 
1 Reclrc. 1 Feed | 
1 Temp. 1 Flowrate | 
1 (F) 1 (#/hr) 1 
I TI8630 1 F18650 | 


Feed | 
Pump 1 

Speed 1 
(Output) 1 

FI8650 1 


W.. 1 1 






V/; 


























'33 ' 




1 1 /) 


1 1 1 










1 J / 










'33 ' 




1 / 


1 1 1 








1 3V 




1 ii 




..I/J.A... 








' 3/ 


1 1 1 








153 ' 


yz 


hi.... 


1 i 1 










/■^ 




1 1 1 








I^J 1 


// 








1 .7 


1 1 r 


1 




1 1 1 








1-^^ 1 




1 




417 1 






1 3^ 1 




1-3) 


\no,x>\ 5"-^ 





FG-Base Pilot Plant 
Process Operating Log Sheet 



R600 

(Take Reading Every Hour) 

Date: //Dr./<^Q 
Run No. P- ^6// "7 







1 1 

1 Reactor | Vapor 


Jacket I 
Steam I 


Recirc. 


iHeat Exch. 


|Heat Exch. | Slurry 
1 Recirc. | Feed 


Feed 1 
Pump 1 


|Time | 
Date 1 Initial | 


Stage 1 
Pressure 
(irni Hg) 


1 Temp. 1 Temp. 

1 (n 1 (F) 

1 TI8600 1 TieSOO 


Pressure | 
(psig) 1 
PI8600 1 


Pressure 
(psig) 
PI8640 


1 Steam 
1 Pressure 
1 (psig) 


1 Temp. 1 Flowrate 
1 (F) 1 (#/hr) 
1 TI8630 1 FI8650 


Speed 1 
(Output) 1 
FI8650 1 






1 1 








1 1 












7 / 




1 1 


^ Co . J 






1 1 


...j-i.— 







1 1 


7 1 


1 

' /I 1 


'I ( 


1 27/. 3 1 /^c. 




..7.-%-. 




1 1 




1 ^ 

LA 




1 1 








1 1 














1 35^ 






' hoc 




|-7C> 


1-331 




1 Ho 


1 au*?'^' 55:] 










is 




1 ^ 


\;i7o.o 1 ^tTV 




1 zioo 










1 ^ 


1 1 


475 1 















1 1 














1 


\X7o.i\^.L> 












....y3. 




1 1 

1 1 
1 1 








1 1 
1 1 









rS Sasf Pilot Plant 
Prectst Optrtling lei S^itl 



(atalyil rieuralts 
-<IBllt^HdHl^-{»»rf-B«l^)- 



Oate: 

lun Re. P- 



Oate 



...L 



I ItactertSOO I Kueter ((Of I (eacler t(02 I leatttr KO} I 

I r I I t 

I Cat. I I Cat. I I (at. I I Cat. I i 

I InJ. I (hnp ( InJ. I Oirp i InJ. I (Nrp I InJ. I Dinp I 

I On 7 f line I On 7 I line I On 7 I line I On 7 I line I 

Uflt I (Y/H) I (n(n.) I (Y/N) I (ntn.) I (V/N) I (nln.) I <Y/K> I (ninj I 



! ^ ; // 



I 7 I I / I 7 I r I 7 I 



I 



I 

I 



I 



I 



I 



I 



I 



/I 



y\ II 



I I 
I I 



I /J// 





/ 


l7 


1 1 -7 1 

> /'Zi 




./_. 


1 

' 7 


1 1 1 

' / ' > ' 




/ 


l7 


1 , 1 1 

\// \ 7 X 


1 1 

/ ' /r' 


..X 


1 

' ; 


1 t 1 

.:..^i..2.i 



t 1 I t I t 
I t I I I I 



Process Opersling I09 Shetl 
Catalyst flouralet 



Bale: 



tun Bo, f • . 



-<lalie-ltadln9 tmf-BowJ- 



Oale 



tine 



OS' 



Icactor im I Kuctor t(OI I ttaclor IVA I iHctor ISO] I 

I I I I 

Cat. I I Cat. I I C»t. I I Cat. I I 

InJ, I Ovnp I InJ. I (hnp I InJ. I (hrp I In). I Dirp I 

On 7 I line I On 7 t line I On 7 I line I On 7 I lint 1 

(V/H) I (n(n.) I <Y/N) I (nin.l I (V/H) I (nin.) I (V/ll) I (nin.l I 

j; I /^ / 1/5 I Ki7 I ^1^1 

I I I t I t I t 

•••••••••• 

I I I I I I I I 

' ' y ' ''f ' y. ' Z ' ^ ' V?. . ' 

I I I I I I / f* I 

1 



I I I I I t I I 

' ' ' ' ^ ' ^ ' /Z ' ' 

I I I I I I I I 

' * ''^ ' ' Z ' z^' Z^ ' 

\7\ vTri yiTTyiT; 



X 
.X. 



/ ly I'?!/ ; 7,7 .'7 ; 



» _ I 



I I 



I 



Pi:.! 



I I ' ^ I I I - • 

'// ' y ' inv ' 7 ' Y lZj 
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HATR /^Mi^f SFC/HPLC RESULTS 

RRACTCjyR 
TECHNIC I,AN.^ 



SFC 

%M.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-EAR 



HPLC 
SE-8 



DATE ht^O--/^ 

TIME 

REACTOR 



TECHNICIAN 



SFC 

%M.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-BAR 

1.6 J1.1 m ^f^'i M ^ Ja^ 



HPLC 
SE-8 



DATE I'^^'-S^ 

TIME o>icrO 

REACTOR t«e>^ 

TECHNIC lAN^ZI 
S.W. 



SFC 

%M.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-BAR 



HPLC 
SE-8 



r.ATF SFC/HPLC RESULTS 

TIME a^o 
REACTOR ^^«-0 

technician ;^ 



SFC 

%M.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-BAR 

HPLC /?-^C 
SE-8 , . / \ 



DATE /-Z^'g*) 
TIME 

REACTOR /e^o / 
TECHNICIAN_<fn_ 

s.w. 

SFC 

%M.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-BAR 

o c.>- lu-'i O'^ >^.g /^.f- 3.*^' ^if^ 



DATE /'^B9 
TIME 



REACTOR /T^o-r 
TECHNICIA N <^ 
S.W. 



HPLC 
SE-8 



SFC 



%M.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-BAR 



HPLC 
SE-8 



DA T E I ' U0 'SS'^ 



RF.ACTOR 



-S-rWr 



SFC/HPLC PESULTS 



%M.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-BAR 

%i, t\£_ 7r> 11}" c,.-^ o o o g-^ 



HPLC 
SE-8 



DATE /-t^'^? 
TIME / # ^ 



REACTOR 

TECHNICIAN.<iCl 
SW. "f-Jj 



SFC 

%M.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-BAR 



HPLC 
SE-8 



DATF. /'t^'g'i 
TIME 

REACTOR ^^eJ 
TRCHMTCl AN ^ 
S. W. 

SFC 

%tl.E. SE-1 SE-2 SE-3 SE-4 SE-5 SE-6 SE-7 SE-8 I-BAR 



HPLC 
SE-8 



HATF. /-tO'^*) SFC/HPLC RESULTS 

TTMF l3oO 
RF.AnTOK /^ttr^ 

-T-E-eHNi-e-I-A-N:=fe::: 



W S09 

SFC 
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and conventional physical properties of edible fat Thus, 

.A.„^.,»,.^^S.''>'!l?l»^.«.»Tn.,^ '** •** * practical low calorie fat, a compound must 

^n^?^nS9?SS5f'™*' """ventional triglyceride fat, and have the same 

Fred H. MattsonjllouotK™ Robert A. Volpen. ^'''Ihort ^IJT'^f f ""'^ 

hdn, Green fownsWp, HanUlton County, Ohio, as- 6 " shortenmg, margarme, cake mixes, and the hke. and 

signors to Hie Procter & Gamble Company, Cincinnati, « ^^'OS taking. 

No Drawing. FHed Apr. 23, 1968, Ser. No. 723,607 SUMMARY OF THE INVENnON 

lot. CL A231 2/00; A21d 2/16, 13/06 In accordance with the present invention, it has been 
UA CL 99 — 1 6 Claims discovered that certain fatty acid ester compounds having 
■ ■■ 11 at least 4 fatty acid ester groups have the physical prop- 
ARSTRACT OF TOT msrLnSIJRF of ordinary triglyceride fat but are not digested 
ABSrKAUT m rHK Dl&CLOSUKi!. or absorbed to the same extent when eaten. These corn- 
Low calorie food compositions are produced by re- pounds can therefore be used as a partial or total re- 
placing at least a portion of the fat content of a conven- 15 placement for ordinary triglyceride fat in fat-containing 
tional food with a sugar fatty acid ester or sugar alcohol food compositions to reduce the caloric value thereof, 
fatty acid ester having at least 4 fatty acid ester groups More specifically, the invention provides a low calorie 
with each fatty acid having from 8 to 22 carbon atoms. fat-containing food composition wherein from about 10% 

to about 100% of the total fat comprises a sugar or 

" 20 sugar alcohol fatty acid ester having at least 4 fatty 

BACKGROUND OF THE INVENTION acid ester groups, each fatty acid having from about 

*• • r J 8 to about 22 carbon atoms. 

The field of this myention is food compositions More ^h^ ^^ove defined fat-containing food impositions 

?r!^frfV^L'^''^T'' ?v.^. fat-containmg ^ave equivalent physical properties ind palatabilUy com- 

food compositions where the fat or a portion Uiereof 25 pared to similar compositions which coiTain normal tri- 

compnses ccrtam compounds which have the physical ^de fat but they have a subsuntially lower effec 

properties of ordmaiy tnglycende fat but which are com- j;,, .^i^,;^ because the specified sigar or sugar 

parauvely less dig^ted or absorbed and thus are rela- ^i.^^^ol fatty acid esters are less digested or absorbed 

Uvely low in available calories. One of the most common t^an normal uiglyceride fat in the intestinal tract and 

metabolic prowcnis among people toda^^ 30 hence not all of the ingested calories are available to 

fcondiuon IS simply due to a greater mta^e of calories ^^e body. The sugar or sugar alcohol compounds per se 

than are expended Fat IS the most concentrated form^ ^J^^ composidons containing these compounds 

energy in the diet, with each gram of fat supplying ^jiich are low in available calorics are convenienUy 

approximately 9 calones. OveraU, fat constitutes about to herein simply as "low calorie." 

40% of the total calories in the diet. If the available 35 ' 

calories of a fat could be lowered without decrease in DESCRIPTION OF THE PREFERRED EMBODI- 

the amount eaten, this would offer a very convenient MENTS. — (LOW CALORIE FAT MATERIALS) 

and practical me&od by which obesity could be pre- ... .... 

vented or overcome calorie fat matenals of the present invention 

Triglycerides are 'the main component of edible fat 40 are sugar or sugar alcohol fatty acid esters. The term 

and tonstitute 90% of the total amount consumed. One "sugar" is used herein m its convenUonal sense as generic 

method by which the caloric value of edible fat could *° ^^^^ disaccharides. The term "sugar alcoboP 

be lowered would be to decrease the amount of triglyc- is also used in its conventional sense as generic to the 

eride that is absorbed in the human system since the reduction product of su^rs wherein the aldehyde or 

usual edible triglyceride fats are almost completely ab- 45 SroMp has been reduced to an alcohol. The fatty 

sorbed (see Lipids, 2, H. J. Deuel. Interscience Publish- ^cid ester compounds are prepared by reacting a mono- 

ers. Inc., New York 1955, page 215). saccharide, disaccharide or sugar alcohol with fatty acid 

The absorbabiUty of triglyceride fat could be decreased as discussed below. ^ ^ 

by altering either the alcohol or the fatty acid portion of Examples of suitable monosaccharides are those con- 

the molefcule. There have been some experiments that 60 *^ni"« ^ hydroxyl groups such as xylose, arabinose. 

have demonstrated a decrease in absorbability with ccr- and nbose; the sugar alcohol derived from xylose, i.e.. 

tain fatty acids; for example, erucic acid (H. J. Deuel, ^y^^^^^ ^ ^ suiteble. The monosaccharide erythrosc is 

AX,S. Cheng, and M. G. Morehouse, Journal Nutrition suitable for the practice of this invention since it 

35. 295 [1948]) and stearic acid if present as tristearin contains 3 hydroxyl groups; however, the sugar 

(F. H. Mattson. Journal of Nutrition 69. 338 (1959]). 55 alcohol derived from erythrose. i.e.. eiythntol. contains 4 

However, with one exception, no attempt to accomplish Mroxyl groups and is thus suitable. Among 5 hydroxyl- 

this end (decreased absorbability) has been made by containing monosacchandes that are suitable for use 

altering the alcohol moiety of edible fatty compounds. herein are glucose, mannose. gelactose. fructose, and 

ie., fatty acid esters of alcohols. The one exception is sorbose. A sugar alcohol derived from sucrose, glucose, 

VS. Patent 2.962,419, November 29. 1960, which dis- 60 sorbose. e.g., sorbitol, contains 6 hydroxyl groups 

closes that fatty add esters which contain a neopentyl and is also smUble as the alcohol naoiety of the fatty 

acid ester compound. Examples of suitable disaccharides 



[CH,- 1 



are maltose, lactose, and sucrose, all of which contain 8 
hydroxyl groups. 



CHr 

-i-CHr- I Preferred compounds for use as the alcohol moiety in 

CHy— J the low calorie fats of the present invention are selected 

from the group consisting of erythritol, xylitol. sorbitol, 

nucleus are not digested like normal fats and thus can glucose and sucrose. 

be used as a fat substitute in food compositions. In preparing the low calorie fats of the present inven- 

One of the main problems in attempting to formulate 70 Uon at least 4 hydroxyl groups of a sugar or sugar alcohol 

fat compounds that have decreased absorbability and compound such as those identified above must be esterified 

thus low calorie properties is to maintain the desirable with a fatty acid having from about 8 to about 22 carbon 



atoms. Examples of such fatty acids are caprylic, capric, 
lauric, myristic, myristoleic, palmitic, palmitoleic, stearic, 
oleic, ricinoleic, Hnoleic, linolemc, eleostearic, aracfaidic, 
behenic, and erucic. The fatty acids can be derived from 
sutiable naturally occurring or synthetic fatty acids and 
can be saturated or unsaturated, including positional and 
geometric isomers, depending on the desired physical 
properties, e.g., liquid or solid, of the fat compound. 

Fatty acids per se or naturally occurring fats and oils 
can serve as the source for the fatty acid component in 
the sugar or sugar alcohol fatty acid ester. For example, 
rapeseed oil provides a good source for C23 fatty acid. 
Ci6-Ct8 fatty acid can be provided by tallow, soybean 
oil, or cottonseed oil. Shorter chain fatty acids can be 
provided by coconut, palm kernel, or babassu oils. Corn 
oil, lard, oUve oil, palm oil, peanut oil, safflower seed oil, 
sesame seed oil, and sunflower seed oil, are examples of 
other natural oils which can serve as the source of the 
fatty acid componeot. Among the fatty acids, those that 
are preferred have from about 14 to about 18 carbon 
atoms, and are most preferably selected from the group 
consisting of myristic, palmitic, stearic, oleic, and linoleic. 
Thus, natural fats and oils which have a high content of 
these fatty acids represent preferred sources for the fatty 
acid components, e.g., soybean oil, olive oil, cottonseed 
oil, corn oil, tallow and lard. 

The sugar or sugar alcohol fatty acid esters suitable for 
use in this invention can be prepared by a variety of meth- 
ods well known to those skilled in the art. These methods 
include: transesteriiication with another ester such as 
methyl, ethyl or glycerol, acylation with a fatly acid chlo- 
ride; acylation with a fatty acid anhydride, and acylation 
with a fatty acid per se. Further details for making sugar 
or sugar alcohol fatty acid esters are described in U.S. 
Patent 2,831,854. 

A characterizing feature of the sugar or sugar alcohol 
fatty acid esters useful in this invention is that they must 
contain at least 4 fatty acid ester groups. Sugar or sugar 
alcohol fatty acid ester compounds that contain 3 or less 
fatty acid ester groups are digested in the intestinal tract 
much in the manner as ordinary triglyceride fats, but it 
has been discovered that sugar or sugar alcohol fatty acid 
ester compounds that contain four or more fatty acid ester 
groups are digested to a lesser extent and thus have the 
desired low calories properties for use in this invention. 
It is not necessary that all of the hydroxyl groups of the 
sugar or sugar alcohol compound be esterified with fatty 
acid but it is preferable that the compound contain no 
more than 2 unesterified hydroxyl groups. Most prefer- 
ably, all of the hydroxyl groups of the sugar or sugar 
alcohol are esterified with fatty acid, i.e., the compound 
is substantially completely esterified. The fatty acid ester 
groups can be the same or mixed on the same sugar or 
sugar alcohol molecule. 

Thus, to illustrate the above points, sucrose triester of 
fatty acid would not be suitable for use herein because it 
does not contain the required 4 fotty acid ester groups. 
Sucrose tetra fatty acid ester would be suitable but is not 
preferred because it has more than 2 unesterified hydroxyl 
groups. Sucrose hexa fatty acid ester would be preferred 
because it has no more than 2 unesterified hydroxyl 
groups. An example of a highly preferred compound in 
which all of the hydroxyl groups are esterified with fatty 
acid is sucrose octa fatty acid ester. In any given sugar 
or sugar alcohol fatty acid ester compound the fatty add 
ester groups can be selected in view of the desired physical 
properties of the compound. The sugar or sugar alcohol 
compounds ■ which contain unsaturated fatty acid ester 
groups and/or a preponderance of short chain, e.g., 
<C]i, fatty add ester groups are generally liquid at room 
temperature. The sugar or sugar alcohol compounds which 
contain long chain fatty acid ester groups, e.g., >Ci4, or 
are saturated, e.g., stcaroyl, are generally solids at room 
temperatures. Thus, if it is desired to have a liquid low 
calorie fat, e.g., for use as a salad oil, the sugar or sugar 
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alcohol fatty acid ester can be based on unsaturated fatty 
acid ester groups such as oleic acid, or can be derived 
from suitable liquid or partially hydrogenated oils such as 
soybean oil or olive oil. If it is desired to have a sugar 

5 or sugar alcohol fatty acid ester solid at room temperature, 
the fatty acid ester groups can be saturated, or derived 
from normally solid fat such as tallow, lard or substan- 
tially completely hydrogenated soybean oil. 
The following are examples of suitable sugar or sugar 

10 alcohol fatty acid esters containing at least 4 fatty acid 
ester groups suitable for use as low calorie fats in the 
present invention. Glucose tetraoleate, glucose tetra- 
stearate, glucose tetraester of soybean oil fatty acid, man- 
nose tetraester of tallow fatty acid, galactose tetraester of 

15 olive oil fatty acid, aribinose tetraester of cottonseed oil 
fatty acid, xylose tetralinoleate, galactose pentastearate, 
sorbitol tetraoleate, sorbitol hexaester of olive oil fatty 
acid, xylitol pentapalmitate, xylitol tetraester of substan- 
tially completely hydrogenated cottonseed oil fatty acid, 

20 sucrose tetrastearate, sucrose pentastearate, sucrose hexa- 
oleate, sucrose octaoleate, sucrose octaester of substan- 
tially completely hydrogenated soybean oil fatty acid, suc- 
rose octaester of peanut oil fatty acid. As noted before, 
highly preferred sugar or alcohol fatty acid esters are 

25 those wherein the fatty acids contain from about 14 to 
about 18 carbon atoms and are thus derived from such 
natural materials as soybean oil and olive oil. Examples 
of such compounds are erythritol tetraester of olive oil 
fatty acid, erythritol tetraoleate, xylitol pentaoleatc, sor- 

30 bitol hexaoleate, sucrose octaoleate, and sucrose octaester 
of soybean oil fatty acid. 

The low calorie properly of the sugar or sugar alcohol 
fatty acid ester fats of the present invention is shown 
below by a fat balance experiment from which a coeffi- 

35 cient of absorbability is obtained. This is a conventional 
experiment in wWch rats are fed a dietary fat comprising 
the test material and their feces are collected. The amount 
of fat eaten and the amount of fat in the feces are deter- 
mined. The difference between these two values is the 

40 amount of fat absorbed. The portion absorbed of the 
amount fed expressed as a percentage is the coefficient of 
absorbability and is an indication of the relative available 
calories of the test materials. 

Four low calorie sugar and sugar alcohol fatty acid 
ester fats of this invention were prepared for this experi- 
ment: erythritol tetraoleate; xylitol pentaoleate; sorbitol 
hexaoleate; and sucrose octaoleate. These compounds 
were compared with fatty materials containing less than 4 
fatty acid ester groups, i.e., with methyl oleate and ethyl- 

50 glycol dioleate, and with a conventional triglyceride 
fat, i.e., triolein. The low calorie sugar alcohol fatty acid 
esters were prepared in the following manner: 

Erythritol tetraoleate.— Erythritol and a five-fold excess 
of ethyl oleate was heated under vacuum during mechani- 

gg cal agitation, in the presence of sodium methoxide catalyst 
(xylene suspension) over two several hour periods at 
about 180° C. The reaction product (erythritol tetra- 
oleate) was refined in petroleum ether and crystallized 
three times from several volumes of acetone at 34* F. 

XyUtol pentaoleate.— Xylitol and a five-fold excess of 
ethyl oleate in dimethyl acid amide (DMAC) solution 
were heated in the presence of sodium methoxide catalyst 
(xylene suspension) during mechanical agitation under 
vacuum over a 5-hour period of about 180' C During 

gg this time the DMCA was distUIed off. The product (xylitol 
pentaoleate) was refined in petroleum ether solution and, 
after being freed of petroleum ether solution, was sepa- 
rated as a liquid layer four times from acetone at 34* F. 
and twice from alcohol at 50" F. 

Sorbitol hexaoleate was prepared by essentially the 
same procedure used to prepare xylitol pentaoleate except 
that sorbitol was substituted for xylitol. 

Sucrose octaoleate was also prepared by essentially the 
simie procedure as that used to prepare xylitol pentaoleate 

70 except that sucrose was substituted for xylitol. 
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FAT BALANCE EXPERIMENT 

The experimental diet fed to the rats had the composi- 
tion shown in Table 1. 

TABLE I (DIET) 5 
Ingredient: Weight percent 

Casein. V.F. 27.Q 

Sucrose - 46.0 

Water-soluble vitamins in sucrose No. 18 5.0 

Salt mixture USP XIV 4.0 in 

Cellu flour 3.0 

Fat 15.0 

(Procedure) 

Young adult, male, Sprague-Dawley rats were randomly 
assigned into groups of eight animals each. The animals 
were housed in individual cages and offered feed and 
water ad libitum. As noted above, the experimental diet 
contained 15% fat 10%, 25%, or 100% of this dietary 
fat was the test material while the remainder was triolein. „q 
The rats were fed the experimental diet during a 5-day 
orientation period. Throughout the following ten days, 
food consumption was measured and feces were collected. 
After collection, the feces were dried to a constant weight, 
cleaned of hair, weighed and ground. The feces were then 05 
submitted for total fatty acid determination by the 
Saponification Procedure. (See Hoagland, R. and Snider, 
G. G., U.S.D.A. Technical BuUetin No. 821. March 
1942.) Coefficients of absorbability were then calculated. 
These values were analyzed statistically by an analysis of 
variance and the Tukey F test. 

Because of the large number of dietary fats, it was 
not possible to feed all fats at the same time. Thus the 
experiment was carried out in three successive phases. 
During the first phase, the dietary fat comprising 10% of 
the test material was fed, in the next phase dietary fat 
comprising 25% of the test material was fed, and in the 
final phase, the dietary fat comprised 100% of the test 
material. Since a group of animals whose dietary fat was 
solely triolein was used in each phase of the experiment, 40 
comparisons among all groups could be made. 

(Results) 

The coefficients of absorbability of the various dietary 
fats are given in Table n. 

TABLE n 

Observed coefficient of absorbability of dietary t&ts coatalntsg triolein 
plus test materials 

Level of test 50 
material In dietary 
fat (balance is 
triolein) 
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Observed coefficient of absorbability 

— (percent of triolein in total dietary fat X 96%) 
Percent of test material in total dietary fat 
The results of these calculations are given in Table HI. 
TABLE m 

Calculated coefEclents of absorbability of test materlols 

Level of test material 
In dietary tsxt (balaaco 
is triolein) 



Test rat 

Normal trlElycerlde M: Triolein 

ComparatlTO fats: 

Methvloleato 

Ethylene glycol dtoleate 

Low calorie fats: 

Erythrltol tetraolcate 

Xylltol pentaoleate. 

Sorbitol hexaoleate 

Sucrose octaolcate 



10% 25% 100% 



07 


06 


06 


100 


go 


70 


100 


93 


87 




72 


68 


50 


24 


53 


0 


0 


5U 


0 


20 


Gl 



25% 100% 



06 
05 

00 
78 
70 
77 



06 55 

79 
87 



S3 

61 60 



Test Material 10% 

Normal triglyceride fiat: Triolein 97 

Comparative fats: 

Methvloleato 06 

Ethylene glycol dloleate 96 

Low calorie fats: 

Erythrltol tetradeate 0) 

Xylltol pentaoleate. 91 

Sorbitol hexaoleate 86 

Sncrosa octaoleate 86 

■ Not measured. 



None of the test materials v/hea they were the sole 
dietary fat, was as well absorbed as triolein. The addition 65 
to triolein of a test material that comprised a sugar or 
sugar alcohol fatty acid ester having at least 4 fatty acid 
groups resulted in a decrease in the amount of total fat 
that was absorbed. This decrease in absorption was re- 
lated, to the level of test material in the total dietary fat. 70 
Assuming that the presence of esters of other alcohols, 
i.e., the- test materials, does not alter the absorption of 
triolein, the absorbability of the test materials per se at 
each level of total dietary fat was then calculate by the 
following formula: 75 



The data in Table ni show that as the number of ester 
groups increase there was a decrease in absorbability. 
The comparative fats which contained 1 or 2 ester groups 
were absorbed much like triolein, which contains 3 ester 
groups. The sugar or sugar alcohol fatty acid esters which 
contained 4 or more hydroxyl groups were significantly 
less absorbed. The assumption stated above upon which 
these calculations were based was confirmed in tests with 
thoracic, duct caimulated rats using labeled fats. Further, 
the data of Table m indicate that the xylltol, sorbitol and 
sucrose esters were better absorbed when they were the 
sole dietary fat. This observation is consistent with a 
proposed mechanism which indicates that these com- 
pounds compete with the triolein for a single digestive 
enzyme. The possible mechanism wherein these com- 
pounds engage in competition for a common enzyme can 
be tested by studying hydrolysis of the compoimds in 
vitro. In any event, regardless of the mechanism that is 
operable, the results obtained in this experiment dearly 
show that the addition to the diet of a fat comprising a 
sugar or sugar alcohol fatty acid ester containing at least 
4 fatty acid ester groups will result in a decrease in the 
amount of fat that is absorbed. Thus, these particular fats 
can be said to be low calorie. 

The low calorie sugar or sugar alcohol faxty acid esters 
of the present invention can be used as a partial or total 
replacement for normal triglyceride fat in any fat-contain- 
ing food composition to provide low calorie benefits. In 
order to obtain a significant low calorie effect, it is neces- 
sary that at least about 10% of the fat in the food com- 
position comprises the low calorie sugar or sugar akohol 
fatty acid ester. On the other hand, very low calorie and 
thus highly desirable food compositions of the invention 
are obtained when the fat comprises up to about 100% 
of the sugar or sugar alcohol fatty acid ester. Hence, the 
low calorie fats of the present invention can be used as a 
partial or complete replacement for normal triglyceride 
fat in a salad or cooking oil, or a plastic shortening, for 
use in frying, cake making, bread making, or the like. 
The low calorie fats can also be used as a partial or com- 
plete replacement for normal triglyceride fat in fat-con- 
taining food products such as mayonnaise, margarine, and 
dairy products. 

In order to more particularly illustrate the food com- 
position utility of the low calorie fats of the present in- 
vention, erythritol tetraester of olive oil fatty acid 
(ETOFA) was prepared by the following transesterifica- 
tion reaction: Ery^tol and distilled and refined ethyl 
esters of olive oil (100% excess) were mixed with me- 
chanical agitation under vacuum in the presence of so- 
dium methoxide catalyst (xylene suspension) for 14 hours 
at 100'-180* C The reaction product was mixed with 
water and taken up in petroleum ether. After washing 
to neutrality with aqueous alcohol and water, the petro- 
leum ether was evaporated and the product (ETOFA) 
was crystallized four times from ten volumes of acetone 
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at 0" to — 10* C. After the last crystallization, the ETOFA 
was steam deodorized for one hour at about 160" C. to 
provide a ^1 product having Analytical Data of 
A.V.— 0.1. H.V.— 2, TFA— 96.6, and TLC— 1.0% ethyl 
ester. The ETOFA was a liquid at room temperature that 5 
resembled conventional salad oil in appearance and feel. 
It was slightly more viscous. than conventional salad oil. 

ETOFA was shown to function as a typical salad or 
cooking oil in the following tests, in which it was com- 
pared to a conventional commercially available salad oil iq 
comprised of refined and lightly hydrogenated soybean 
oil: 

Smoke point. — The smoke point of ETOFA was com- 
pared to that of the conventional oil. The ETOFA had a 
smoke point of about 398 • F. as compared to 466* F. for 55 
the conventional oil. 

Pan frying tests.— Two electric Teflon-coated 10-inch 
skillets were used for these tests. 200 grams of oil was 
added to the skillet for the fish and meat test 30 grams 
of oil was added for the egg frying test. Temperature for 20 
frying was that recommended by the skillet manufac- 
turer for each type of food. ETOFA performed satisfac- 
torily in each of the pan frying tests. Slightly more spat- 
tering was observed with the ETOFA than with the con- 
ventional oil but it was not deemed excessive. 25 

Eggs — no differences in color or flavor could be detected 
between the eggs fried in ETOFA and those fried in 
the conventional oil. 

Beefsteaks — ^ETOFA performed as well as the conven- 
tional oil. No differences in color or flavor were 30 
detected. 

Breaded shrimp — the products fried in ETOFA appeared 
similar to those fried in conventional oil and were 
acceptable to a taste panel. 

Breaded codfish steaks — ETOFA performed as well as 35 
the conventional oil. 66% of a taste panel could not 
detect any differences. The remaining panelists were 
split 50/50 among the oil as to preference. 

Deep fat frying. — Potato pieces were fried at 375" F. 40 
in ETOFA and conventional oil. The ETOFA functioned 
satisfactorily as a deep frying oil. Panelists judged the 
products fried in the conventional oil to have a slightly 
better flavor and color. 

Cakes. — High ratio white cakes were prepared using 
ETOFA, the conventional salad oil, or cottonseed oil as 45 
the shortening base. To each base oil was added an 
emulsiflcation system comprising 14% propylene glycol 
monostearate and 2.0% stearic acid. (See U.S. Patent 
3,145,108.) The cakes had the following formula: 

Ingredient: Weight (grams) 

Sugar 133 

Flour 107 

Shortening 47 J 

Double-acting baking powder 6.7 

Milk 130 

Egg whites 60 

Vanilla 2.5 

Examination of the cakes indicated that those utilizing 
ETOFA as a shortening base were substantially equiva- 
lent io those based on conventional soybean salad oil 
or cottonseed oiL 

Bread.— ETOFA was substituted for conventional vege- 
table shortening in normal white bread at an equal 
weight. Bread prepared with the conventional vegetable 
shortening was run as a control. The experimental dough 
containing the ETOFA was very similar to the control in 
dough handling properties and firming rate of the finished 
products. The results of a taste panel indicated that there 
was very little difference in flavor detected with the 7Q 
ETOFA as compared to the vegetable shortening-based 
bread. The bread formula was as foUows: 

Weight (grams) 

808 

146 75 
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Ingredient: Weight (grams) 

Water 566 

Yeast (dry) 35 

Shortening 58 

Sucrose 55 

Nonfat milk solids 38 

Salt 25 

Mayonnaise. — ETOFA, conventional soybean salad oil, 
and cottonseed oil, were compared in a conventional 
mayonnaise recipe of the following formula: 

Ingredient: Percent by weight 

Egg yolk 8.0 

Vinegar . 11.0 

Sugar 2.0 

Salt 1.3 

Oil 77.7 

The ETOFA produced a mayonnaise but it had a slightly 
more oily taste when compared to that prepared with 
cottonseed or soybean oil. 

Plastic shortening. — 100 gram samples of commercially 
available conventional plastic shortening, ETOFA, and 
ETOFA-hlO% hardstock (tristearin) were each melted 
and plasticized using a laboratory chiller. All samples 
formed plastic fats. 

EXAMPLES 

The following examples illustrate low calorie fat-con- 
taining food compositions wherein from about 10% to 
about 100% of the fat comprises a sugar or sugar alcohol 
fatty acid ester of the present invention. 

-Example 1. — Salad oils 

(A) 

Ingredients: Percent by weight 
Refined, bleached, and lightly hydrogenated soy- 
bean oil . . 50 

Sucrose octaester of soybean oil fatty acid — 50 



100 



(B) 



Refined cottonseed oil 90.0 

Sorbitol pentaoleate 10.0 



(C) 



100.00 



Sucrose octaolcatc 100 

30 (D) 

Erythritol tetraesler of olive oil fatty acid 100 

(E) 

55 50/50 blend of cottonseed oil and soybean oil 50 

Olive oil 25 

Erythritol tetraester of olive oil fatty acid 25 



100 



Example 2. — Plastic shortening 
(A) 

Percent by weight 

Lightly hydrogenated soybean oil (LV. 107) 50 

Xylitol pentaoleate 40 

Tristearin (hardstock, LV. 8) 10 



100 



(B) 



Ingredient: 

Flour 

■Wheat starch 



50/50 mixture of hardened cottonseed oil and lard 40 

Monoglycerides of soybean oil 10 

Sucrose octastearate 50 



100 
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(C) Example 7. — Margarine 

Percent by weight . Percent by weight 

Glucose octaester of tallow fatty acid 100 Oil (sucrose octaoleate) 80 

= Milk solids 2 

Example 3.— Prepared cake mix ° Salt . 2 

(a) Specific: Monoglyceride 15 

Cake flour 36 Water 1 

Sugar 44 

Shortening (sorbitol bexastearate) - 13 XOq 

Nonfat dried milk solids 4 As exemplified above, a wide variety of low calorie 

Leavening 2 fat-containing food compositions can be prepared from 

Salt I the sugar and sugar alcohol esters disclosed herein. 

Preferred food compositions are those selected from the 

IQQ group consisting of salad oil, plastic shortening, bread, 

= ^5 prepared culinary mixes (e.g., for cakes, icings, and the 

(b) General: like), mayonnaise, and margarine. 
Sugar 35-50 We claim: 

Hour 25-50 1. A low calorie fat-containing food composition com- 

Shortening (109&-1009& sugar or sugar alco- prising non-fat ingredients and fat ingredients wherein 

hoi fatty acid ester) 5-30 20 f^om about 10% to about 100% of the total fat consists 

Leavening 1-4 essentially of a sugar fatty acid ester having at least 4 

Cocoa 0-7 fatty acid ester groups, each fatty acid having from about 

Egg 0-5 8 to about 22 carbon atoms. 

Milk solids 0-5 2. The composition of claim 1 wherein the sugar fatty 

Flavor 0-5 ^'^ acid ester contains no more than 2 unesterified hydroxyl 

groups. 

100 3. The composition of claim 2 wherein the sugar 

Example 4.— Prepared icing mix fatty acid ester is completely esterified. 

Shortening (50/50 mixture conventional vegetable 30 ^: composition of claim 3 wherein each fatty 

shortening and erythritol tetraoleate) 20 ^cid has from about 14 to about 18 carbon atoms. 

. 2 ^- ^ calorie fat-contammg food composition com- 

Nonfard^~milk solids I III 11 5 prising non-fat ingredients and fat ingredients wherein 

gy^j. 73 from about 10% to about 100% of the total fat com- 

o prises a sugar fatty acid ester compound or a sugar 

100 alcohol fatty acid ester compound wherein the compound 

Example 5. Mayonnaise completely esterified, said compound having at least 

4 fatty acid ester groups and each fatty acid having from 

Fat (75:25 blend of erythritol tetraester of olive oil g to 22 carbon atoms. 

fatty acid, and refined cottonseed oil) 75 -5. The composition of claim S wherein each fatty 

Vinegar 10 acid group has from 14 to 18 carbon atoms. 

Egg yolk — 9 

Sugar — 3 References Cited 

Mustard" 11 — " 1 UNITED STATES PATENTS 

Flavor 1 2,831,854 4/1958 Tucker et al. _ 260—234 

- 2,997.492 8/1961 Martin 99— 92X 

100 2.997,493 8/1961 Huber 99— 92X 

Example 6.— Salad dressing RAYMOND N. JONES. Primary Examiner 

Fat (xylitol pentaoleate) 50 50 , ^ , . ^, * . ^ 

Cornstarch „ - 5 J- HOFFMAN, Assistant Examiner 

Vinegar 10 ^- 

Water 35 

99—90, 92, 94. 118. 122. 139, 144 

100 65 
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ABSTRACT 



A solvent-free transesterification comprising the steps 
of { I ) heating a mixture of a polyol, a fatty acid lower 
alkyi ester, an alkali metal fatty acid soap, and a basic 
catalyst to form a homogenous meh; and (2) subse- 
quently adding to the reaction product of step ( 1 ) ex- 
cess fatty acid lower alkyl esters yields polyol fatty 
acid polyesters. 

13 Claims, No Drawings 
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SYNTHESIS OF HIGHER POLYOL FATTY ACID 
POLYESTERS 

BACKGROUND OF THE INVENTTION 

This invention relates to a high yield synthesis of 
polyol fatty acid polyesters, sucrose polyesters in par- 
ticular, via transestcriftcation. 

The food industry has recently focused attention on 
polyol polyesters for use as low calorie fats in food 
products. As a result of this attention, there is a current 
need for a high yield synthesis of polyol fatty acid poly- 
esters. Historically, such syntheses have been con- 
ducted using a mutual solvent to solubilize a polyol and 
esters of long-chain fatty acids, thus providing a ho- 
mogenous reaction medium suitable for catalytic irans- 
estcrificatitin. One variation of this process, known as 
the Snell synthesis, has been employed as a means for 
preparing both poly- and lower esters. However, the 
solvents heretofore employed in such processes are 
difficult to separate from the final product and are 
characteristically toxic, therefore limiting the useful- 
ness of such synthesis in the foods industry. Accord- 
ingly, recent efforts have been directed toward the 
discovery of a high yield synthesis of polyol fatty acid 
polyesters which does not employ toxic solvents. 

Other solvent-free transestcrification processes are 
known in the art. 

U.S. Pat. No. 3,521,827 discloses the preparation of 
sucrose polyesters by means of a solvent-free intere- 
sterification using phenyl esters. However, phenol is 
liberated during the reaction. Phenol is extremely toxic 
and caustic; contaminates the product; and is difficult 
to separate. Accordingly, this process does not satisfy 
current needs for a synthesis of polyol fatty acid polyes- 
ters for use in the fotwJs industry, 

Feuge, ei al., "Preparation of Sucrose Esters by In- 
teresterification" , Journal of the American Oil Chemical 
S(Kiet\\ 47fs), 56-60 (1970). disclose a single stage 
solvent-free transesterification useful in synthesizing 
fatty acid esters of sucrose. However, this process is 
limited to the synthesis of lower esters. It has been 
experimentally determined that if the sucrose/methyl 
ester ratio of the Fcuge. et al., reaction is lowered by 
use of excess methyl esters in an effort to synthesize 
polyesters, the reactants will disproportionate and 
pecipitate sucrose which then caramelizes to form a 
brittle, charred waste product. Furthermore, the 
Feuge. et al. article reports low yields using lower alkyl 
esters. The more successful Feuge, et al. synthesis uses 
fatty acid methyl carbitol esters as starting materials. 
Unfortunately, methyl carbitol is, itself, relatively toxic. 
Thus, the Feuge, et al. process ;iIso fails to satisfy cur- 
rent needs for a synthesis of polyol fatty acid polyesters 
useful in the foods industry. 

It is therefore an object of this invention to provide a 
high yield synthesis of polyol fatty acid polyester. 

It is a further object of this invention to provide a 
synthesis of polyol fatty acid polyesters which does not 
employ toxic solvent nor generate difficuU-to-remove 
toxic contaminants. 

It is a still further object of this invention to provide 
a synthesis of polyol fatty acid polyesters in which the 
reactancts do not disproportionate thereby reducing 
caramclization of the polyol. 

These and other objects arc obtained herein as will 
be seen from the following disclosure. 



SUMMARY OF THE INVENTION 

It has now been found that high yields of polyol fatty 
acid polyesters can be prepared via a transesterification 
5 process which can be carried out in the absence of 
solvents or other contaminants. Thus, the toxicity prob- 
lems of the prior art are avoided. 

The synthesis disclosed herein proceeds in three 
stages. In the first stage, a heterogenous mixture of a 
'tJ polyol, fatty acid lower alkyl esters, an alkali metal 
fatty acid soap, and a basic catalyst is reacted to form 
a homogenous melt consisting of partially esterificd 
polyol and unreacted starting materials. In the second 
stage, excess fatty acid lower alkyl esters arc added to 
'5 the melt and react with the solubilizcd partial esters of 
the polyol and the remaining unesterified polyol to 
form polyol fatty acid polyester. In the third stage, the 
polyol fatty acid polyester is separated from the reac- 
tion product. The desired polyester product is obtained 
2tJ in high yield. The synthesis can be conveniently carried 
out at relatively low temperatures and, if desired, at 
atmospheric pressure. 

More specifically, the present invention encompasses 
a high yield process for synthesizing polyol fatty acid 
25 polyesters comprising the steps of: 

I. heating a heterogenous mixture comprising: (i) 
from about \Q% to about 50% by weight of a 
polyol; (ii) from about 4Q9c to about 80% by 
weight of fatty acid lower alkyl esters; (iii) from 
30 about 1% to about 30% by weight of an alkali metal 
fatty acid soap; and (iv) from about 0.05% to about 
5% by weight of a basic catalyst selected from the 
group consisting of alkali metals, alloys of two or 
more alkali metals, alkali metal alkoxidcs and al- 
35 kali metal hydrides to a temperature of from about 
1 IO**C to about I80°C under a pressure of from 
about 0.1 mm Hg to about 760mm Hg for a time 
sufficient to form a homogenous melt of partially 
esterified polyol and unreacted starting materials; 
^0 2. under the conditions of step 1 . adding excess fatty 
acid lower alkyl esters to the reaction product of 
step 1 to form the polyol fatly acid polyester; and 
3. separating the polyol fatty acid polyester from the 
reaction mixture. 

45 

DETAILED DESCRIPTION OF THE INVENTION 

Objects of the present invention are achieved by 
providing a solvent-free process for synthesizing high 
yields of polyol fatty acid polyesters. The process is 
5t> characterized by a unique three step reaction proce- 
dure. 

Step 1 

In the first step of the present process, a heterogc- 
55 nous mixture of (i) a polyol, (ii) fatty acid lower alkyl 
estere, (iii) an alkali metal fatty acid soap, and (iv) a 
basic catalyst is reacted to form a homogenous melt 
comprising partially esterified polyol and unreacted 
starting materials. 
^* i. As used herein, the term '*polyor' is intended to 
include any aliphatic or aromatic compound containing 
at least two free hydroxyl groups. In practicing the 
process disclosed herein, the selection of a suitable 
polyol is simply a matter of choice. For example, suil- 
<»5 able polyols may be selected from the following classes: 
saturated and unsaturated straight and branched chain 
linear aliphalics; saturated and unsaturated cyclic ali- 
phaiics including heterocyclic aliphatics; or mononu- 
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clear and poly nuclear aromulics including heterocyclic 
aromutics. Inasmuch as the present invention encom- 
passes a process which does not employ toxic solvents 
nor generate ditficult-lo-remove toxic contaminants, 
preferred polyols arc those which have utility in the 
foods industry. Accordingly, the carbohydrates and 
non-toxic glycols arc preferred polyols. Carbohydrates 
are poly hydroxy aldehydes or poly hydroxy ketones, or 
substances that yield such compounds on hydrolysis. 
They are distributed universally in plants and animals, 
and make up one of the three important cla.sses of 
animal foods. Carbohydrates may be subdivided into 
three important classes; the monosaccharides, oligo- 
saccharides, and the polysaccharides. Monosaccha- 
rides include those carbohydrates which do not hydro- 
lyze. Accordingly, monosaccharides suitable for use 
herein include, for example, glucose, mannose. galac- 
tose, arabinose, xylose, ribose, apiose, rhamnose, psi- 
cose. fructose, sorbose, tagito.se, ribulose, xylulose, and 
erythrulose. Otigi>saccharides are carbohydrates which 
yield only a few molecules of monosaccharides on hy- 
drolysis. Accordingly, oligosaccharides suitable for use 
herein include, for example, maltose, kojibiose. nige- 
rosc, cellobiosc. lactose, melibiose, gentiobiose, turan- 
ose. rutino.sc, trehalose, sucrose, and raffinose. Poly- 
.saccharides arc those carbohydrates which yield a large 
number of molecules of monosaccharides on hydroly- 
sis. Accordingly; polysaccharides suitable for use 
herein include, for example, amylose, glycogen, cellu- 
lose, chitin, inulin, agarose, zylans. mannan, and galac- 
tans. Another class of polyols preferred herein is the 
sugar alcohols. Although sugar alcohols are not carbo- 
hydrates in a strict sense, the naturally occurring sugar 
alcohols are so closely related to the carbohydrates that 
they are also preferred for use herein. The sugar alco- 
hols most widely distributed in nature and suitable for 
use herein are sorbitol, mannitol, and galactitol. Pre- 
ferred carbohydrates and sugar alcohols suitable for 
use herein include, for example, xylttol, sorbitol, and 
sucrose. 

ii. As used herein, the term "fatty acid tower alkyl 
esters** is intended to include the C| and Cj esters of 
fatty acids containing about 8 or more carbon atoms, 
and mixtures of such esters. Suitable esters can be 
prepared by the reaction of diazoalkanes and fatty 
acids, or derived by alcoholysis from the fatty acids 
naturally occurring in fats and oils. If the acids are 
derived from fats, saturated acids predominate, but if 
derived from oils, unsaturated acids predominate. Ac- 
cordingly, suitable fatty acid lower alkyl esters can be 
derived from either saturated or unsaturated fatty 
acids. Suitable preferred saturated fatty acids include, 
for example, capric lauric, palmitic, stearic, behenic, 
isomyrisiic, isomargaric, myrisiic, caprylic. and an- 
tctsoarachadic. Suitable preferred unsaturated fatty 
acids include, for example, maleic, linoleic, licanic. 
oleic, linolenic, and erythrogenic acids. Mixtures of 
fatty acids derived from soybean oil, sunflower oil, 
safflower oil, and com oil arc especially preferred for 
use herein. 

Unusually high yields, i.e., greater than 90%, of 
polyol fatty acid polyesters have been obtained where 
methyl esters arc used in accordance with the prcKcss 
herein. Accordingly, methyl osiers are Uie preferred 
fatty acid lower alkyl esters. 

iii. As used herein, the term **alkali metal fatty acid 
soap" is intended to include the alkali metal salts of 
saturated and unsaturated fatty acids having from 
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about 8 to about 1 8 carbon atoms. Accordingly, suit- 
able alkai metal fatty acids soaps include, for example, 
the lithium, sodium, potassium, rubidium, and cesium 
salts of fatty acids such as capric, lauric, myristic, pal- 
mitic, licanic, parinaric, and stearic acids. Mixtures of 
fatty acids derived from soybean oil, sunflower oil, 
safflower oil, and corn oil are preferred for use herein. 
Accordingly, preferred alkali metal fatty acid soaps 
include, for example, the potassium soap made from 
11^ soybean oil fatty acids and the sodium soap made from 
sunflower oil fatty acids. 

iv. The basic catalysts suitable for use herein are 
those selected from the group consisting of alkali met- 
als such as sodium, lithium, and potassium; alloys of 
two or more alkali metals such as sodium-lithium and 
sodium-potassium alloys; alkali metal hydrides such as 
sodium, lithium and potassium hydride; and alkali 
metal alkoxides such as potassium t-butoxidc and so- 
dium methoxidc. 
2U In a preferred embodiment of this invention, the 
catalyst is dispersed in a suitable carrier so as to insure 
uniform distribution of the catalyst throughout the 
reaction mass. Suitable carriers or dispersing agents 
include, for example, mineral oil; hydrocarbon sol- 
25 vents, such as xylene; and polyol octaesters, such as 
sucrose octaesters. Octaesters derived from the polyol . 
being esterificd are preferred carriers since their use 
avoids contamination or removal problems. Preferred 
catalysts suitable for use herein include, for example, 
30 sodium hydride, potassium hydride, a dispersion of 
potassium in sucrose octaester, a dispersion of potas- 
sium in mineral oil, potassium t-butoxide, and sodium 
methoxide. 

In carrying out step 1 , the above-described reactants 
35 are combined to form a heterogenous mixture. The 
precise ratio of reactants can be freely selected from 
within the guidelines set forth hereinafter. However, 
routine experimentation may be necessary in order to 
establish the optimum concentrations for a given set of 
40 reactants. In general, the heterogenous mixture com- 
prises from about 10% to about 50%, preferably from 
about 20% to about 30% by weight of a polyol; from 
about 40% to about 80%, preferably from about 50% to 
about 70% by weight of fatty acid lower alkyl esters; 
45 from about 1% to about 30%, preferably from about 
5% to about 1 0% by weight of an alkali metal fatty acid 
soap; and from about 0.05% to about 5%, preferably 
from about 0. t % to about 0.5% by weight of a basic 
catalyst selected from the group consisting of alkali 
5U metals, alloys of two or more alkali metals, alkai metal 
alkoxides and alkali metal hydrides. The heterogenous 
mixture is heated to a temperature within the range of 
from about \\Q°C to about 180**C, preferably from 
about 130*C to about \45*X2 under a pressure of from 
55 about 0. 1 mm Hg to about 760 mm Hg. preferably from 
about 0.5 mm Hg to about 25 mm Hg. Within these 
temperature and pressure ranges a homogenous melt of 
partially esterified polyol and unreacted starting mate- 
rials will form in from about 1 to 4 hours, 
fit) It may be desirable to initiate the reaction by initially 
introducing from about 0.1% to about 1%, by weight, 
of catalyst and, thereafter, introducing additional cata- 
lyst as the reaction proceeds. 

65 Step 2 

In the second step of the instant process, excess fatty 
acid lower alkyl esters are added to the homogenous 
melt formed in Step I. As used herein, the term "ex- 
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cess*' is intended to include sufficient lower alkyl esters 
to raise the overall ester:potyol mole ratio above 10:1, 
preferably to about 16:1. Although ratios beyond 16:1 
can be used, us a general rule, such ratios do hot notice- 
ably decrease reaction time or improve the yield and 
are therefore impractical. 

It should be noted that as the transesterification pro- 
ceeds, a lower alcohol is formed as a by-product. In 
order to promote the reaction, the alcohol by-product 
is preferably removed. Many removal techniques are 
known in the art, any one of which can be used to 
effectively and efficiently remove the lower alcohol. 
Vacuum removal both with and without an inert gas 
sparging has been found to promote the reaction. How- 
ever, for practical purposes, simple distillation under 
atmospheric pressure has been found to be sufTtcient. 
In any event, the formation of a lower alcohol presents 
no significant obstacle to the use of the instant process 
by the foods industry. 

Step 3 

In the third step of the process, the polyol fatty acid 
polyesters formed in step 2 are separated from the 
reaction product containing polyesters, alcohol, and 
unreacted starting materials. Separation can be accom- 
plished by any of the routinely used separation proce- 
dures. Distillation or solvent extraction are preferred 
due to their simplicity and economy. 

The following examples are intended to further clar- 
ify the invention and should not be construed as limita- 
tions. 

EXAMPLE I 

Preparation of Sucrose Polyester from Sucrose and 
Methyl Esters 

A 1,UOO milliliter resin kettle equipped with a me- 
chanical stirrer, thermometer, dropping funnel, and a 
distillation head arranged for vacuum take off was 
charged with finely powdered sucrose (25.5 gram, 
0.0745 moles), soy methyl esters (73.5 milliliters, 
0.224 moles) and anhydrous potassium-soap made 
from soy methyl esters ( 10.0 gnuns). Heat was supplied 
via a large magnetically stirred oil bath arranged below 
the kettle and the mixture was deoxygenated under 15 
millimeters vacuum for 1.25 hours at 95**C. On cooling 
to SS°C sodium hydride, 0.1% (0.178 grams of *56% 
dispersion in mineral oil) was added and the mixture 
was reacted at 145'*-I48'X:/15 millimeters for 2 hours 
during which time the mix changed from a white slurry 
to a light brown translucent liquid. The mix was cooled 
to approximately 90*C treated with a second 0.178 
gram potion of sodium hydride dispersion and reacted 
1.5 hours at I50*C/10 millimeters. The mixture was 
cooled somewhat, diluted with 297.0 milliliters of 
methyl esters from soybean oil. reheated to 150X/10 
millimeters for one hour, cooled, treated with a third 
portion of sodium hydride (0.178 grams), reheated to 
1 50°C/ 10 millimeters for three hours and finally cooled 
to room temperature. During 7.5 hours about 25-30 
milliliters of liquid distillate collected in vacuum traps 
at dry iceisopropanol temperature. The crude reaction 
product was treated with 1 milliliter of acetic acid and 
washed by stirring and decantation with 5400 milliliters 
of methanol (9 X 600 milliliters). Ice cooling prior to 
decantation greatly facilitated the separation of the 
lower, sucrose polyester phase. The clear brown su- 
crose polyester phase was freed of last traces of metha- 
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hoi by gentle heat under vacuum prior to bleaching 
with 10 grams of Filtrol clay at IO0°C/2.5 hours/ 1 at- 
mosphere. The neat mixture of sucrose pt>lye.stcr and 
clay was cooled, dissolved in hcxane ;md the resulting 
5 slurry was vacuum filtered. Evaporation of hexane 
under vacuum gaVe 143.2 grams of light yellow oil; 
having a hydroxy! value of 18.7. The yield based on 
sugar was 86% sucrose polyesters. 
In the above procedure, the sucrose is replaced by an 
lU equivalent amount of propylene glycol, glycerol, penta- 
erythritol, glucose, xylitol and sorbitol, respectively, 
and the corresponding polyol fatty acid polyesters are 
obtained. 

In the above procedure, the sodium hydride is re- 
placed by an equivalent amount of potassium metal, 
lithium metal, sodium-potassiiim alloy, potassium hy- 
dride, and lithium hydride, potassium methoxidc, and 
potassium t-butoxide, respectively, and equivalent re- 
sults are secured. 

20 

EXAMPLE II 

Preparation of Sucrose Polyester From Sucrose and 
Soybean Methyl Esters Under Atmospheric Pres.su re 

25 A mixture containing powdered sucrose (2.52 
grams), partially hardened (I.V; 57) soybean methyl 
esters (6.48 grams) and anhydrous potassium soap 
made from the same methyl esters (I.O grams) was 
homogenized for 10 minutes in a high shear Omni* 
30 mixer. The slurry was treated with 0.2% by weight of 
sodium hydride (56% dispersion mineral oil) and re- 
acted 2 hours at l47*Xr under nitrogen (provision was 
made for distillation of methanol evolved in the reac- 
tion). The one-phase mixture containing lower esters 
35 was treated with a second 0.2% of sodium hydride and 
31.8 milliliters of additional methyl esters. After react- 
ing another 6 hours at 147**C, the final product was 
cooled and washed 5 times with 100 milliliters of hot 
ethanol to remove soap and excess methyl esters. Rnal 
40 removal of ethanol under vacuum gave 15.7 grams of 
an off-white solid; yield based on sucrose was 90%. 
Quantitative NMR analysis indicated that the product 
contained less than 6% methyl ester and TLC showed 
no free fatty acids present. ■•: 
45 As a preferred embodimcnjt of this invention, it has 
been found that the alkali nietal fatty acid soap used 
herein can be. formed in situ by saponifying an alkali 
metal hydroxide using the fatly acid lower alkyl ester 
reactant Accordingly, a preferred embodiment of the 
50 process disclosed herein comprises the steps of: 

1 . Heating a mixture of a fatty acid lower alkyl ester 
and an alkali metal hydroxide to a temperature of from 
about lOO^C to about 140*^:^ preferably about 120**C 
under atmospheric pressure to form an emulsion com- 

55 prising from about 5% to about 30%. preferably from 
about 7% to about 15% by weight of the corresponding 
alkali metal fatty acid soap and lower alkyl ester; 

2. Adding to the reaction product of Step ( 1 ) from 
about 1 0% to about 50%, preferably from about 20% to 

60 about 30% by weight of a polyol and from about 0.05% 
to about 5%. preferably from about 0. 1% to about 0.5% 
by weight of a basic catalyst selected from the group 
consisting of alkali metals^ alloys of two or more alkali 
metals, alkali metal alkoxides. and alkali metal hy- 
<»5 dridcs to form a heterogenous mixture; 

3. Heating the heterogenous mixture formed in Step 
(2) to a temperature of from about 1 10*C to about 
IRO^'C, preferably from about 130*X: to about 145*^ 
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under u pressure i)f from abt)ul 0. 1 mm Hg to about 
760 mm Hg. preferably from about 0.5 mm Hg to about 
25 mm Hg to form a homogenous melt of partially 
cslcrificd polyoi and unreaclcd starting materials; 

4. Under the conditions of Step ( 3 ), adding excess ^ 
fatty acid lower alkyi esters to the reaction product of 
Step (3) to form the polyol fatty acid polyester; and 

5. Separating the polyol fatly acid polyester from the 
reaction mixture. 

The weight percentages of rcactants used to form the 
fatly acid soap emulsion in Step ( 1 ) obviously depend 
upon the molecular weight of the particular alkali 
metal hydroxide employed. Inasmuch as the alkali met- 
als vary in mt)lecular weight between about 7 (lithium) 
and about 133 (cesium), the reactant weight prcent- '-^ 
ages vary appreciably. Notwithstanding this variability, 
calculation of the useful ranges of reactant weight per- 
centages can be determined by routine methods. By 
way of example, it has been determined that when 
asing potxLssium hydroxide (molecular weight of about 
39), the mixture of Step ( I ) comprises from about 94% 
to abi>ul 997/ by weight fatty acid lower alky I esters and 
from abt)ui 1*5? to about 6'^ by weight potassium hy- 
drt>xide. 

The following example is intended to further clarify 
the preferred embodiments and should not be con- 
strued as a limiuition. 
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EXAMPLE III 

Preparation of Sucrose Polyester from Sucrose and 
Soybean Methyl Esters Using Potassium Dispersion 

Soybean methyl esters (2.86 kilograms, I.V. = 
132-135) were mixed with potassium hydroxide (63 
grams of 85% KOH dissolved in 300 milliliters metha- 35 
nol) at atmospheric pessurc and heated to 120^ with 
agitation. After 2 hours a smooth textured emulsion 
was formed and powdered sucrose (1,04 kilograms) 
was added to the mixture. The pressure was reduced to 
5 millimeters Hg to remove any moisture and methanol 40 
and 30 grams of a potassium dispersion (30% potas- 
sium. 70% light mineral oil) was added: This mixture 
was reacted for 2 hour?* at MSX to form a one-phase 
mixture. Excess soybean methyl esters (12.17 kilo- 
grams) were then added and the reaction continued for 45 

4 hours under the above conditions. 7*he system was 
then allowed to cool overnight and started up the fol- 
lowing day by adding more potassium dispersion (30 
grams of 30/70 dispersion) and returning to 145*^ and 

5 millimeters Hg for 4 hours. The reaction mbcture was 5o 
then acidified with glacial acetic acid (250 milliliters). 
NMR analysis showed the final mixture to contain 
49.8% methyl esters. Allowing for the soap formed 
during the first portion of the reaction and by reaction 

of the catalyst, this indicates a sucrose polyester yield 55 
of 97 to 98% based on sucrose. 

In the above procedure, sucrose polyester was pre- 
pared without significant caramelization of the sucrose 
reactant. 

In the above procedure, the soybean methyl esters 60 
are replaced by an equivalent amount of sunflower oil 
methyl esters, safflowcr oil methyl esters, and com oil 
methyl esters and the corresponding sucrose fatty acid 
polyesters are obtained. 

Polyol fatty acid polyesters prepared in accordance 65 
with the above disclosure are suitable for use as low 
calorie fats in various food products. For example. U.S. 
kPai. No. 3.600,186, granted August 17, 1971, teaches 



the use of polyol fatly acid polyesters iis low caloric fats 
in cooking and salad oils. The following example illus- 
trates low caloric fat-containing food compositions 
wherein the fat comprises a polyol fatty acid polyester 
prepared according to the process of the present inven- 
tion. 

EXAMPLE IV 

FwhI Ctiniptisitums Omtuining P€>lyol Fatty AciJ Polyester* 
SuluU oils urc prepared u> rollou-s: 
(A) 

Inured icnls Pcrcunl by Weiehl 

Kefmcd. bicuchcd und lightly 

hydntgcnated Miyhcan ml 50 
Suernsc tHrtucstcr of S4>ybeun 

oil futiy acid 50 
(B> 

Kenned cottonseed oil VU 
Sttrhitol pen taolente lU 
(C) 

Sue n ISC iK-lttoloutc. KM) 

(D) 

brvthritol polycMer of olive 
oil raU\ ueid KH) 
(K) 

5(V5tl Blend of cottonseed oil 

uikI st>yhean t)il 5U 
Olive oil 25 
brylhritnl polyester of sunflower oil 2.^ 



What is claimed is: 

1. A solvent-free, low temperature process for syn- 
thesizing polyol fatly acid polyesters consisting essen- 
tially of: 

1. Heating a mixture of a polyol selected from the 
group consisting of monosaccharides, disaccha- 
rides and sugar alcohols, a fatty acid C1.3 alkyl 
ester, an alkali metal fatty acid soap, and a basic 
catalyst selected from the group consisting of alkali 
metal, alloys of alkali metals, alkali metal hydrides 
and alkali metal alkoxides to a temperature of from 
about 1 1 0*^ to about 1 80*X: at a pressure of from 
about 0.1 mm of Hg to about 760 mm of Hg to 
form a homogenous melt of partially esterified 
polyol and unreaclcd starting materials; 

2. Under the conditions of Step ( I ) adding excess 
fatly acid lower alkyl esters to the reaction product 
of Step ( I ) to form the polyol fatty acid polyester; 
and 

3. Separating the polyol fatly acid polyester from the 
reaction product of Step (2). 

2. A process according to claim 1 wherein the polyol 
is a disaccharide. 

3. A process according to claim 1 wherein the polyol 
b selected from the group consisting of sucrose, xylitol, 
and sorbitol. 

4. A process according to claim I wherein the tem- 
perature is from about l^S^C to about I45**C. 

5. A process according to claim 1 wherein the fatty 
acid C,.2 alkyl esters are fatly acid methyl esters. 

6. A process according to claim 5 wherein the methyl 
esteni are derived from natural oils selected from the 
group consisting of soybean oiK sunflower oil, safflower 
oil and com oil. 

7. A process according to claim 1 wherein the cata- 
lyst is selected from the group consisting of potassium 
hydride, sodium hydride, a dispersion of potassium in 
sucrose octaester. a dispersion of potassium in mineral 
oil, potassium t-butoxide and sodium meihoxide. 

8. A si>lvent-frec. low temperature process for syn- 
thesizing polyol fatty acid polyesters consisting essen- 
tially of: 
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1. Heating a mixture comprising (i) from about lU7f 
to about 50^ by weight of a polyol selected from 
the group consisting of monosaccharides, disaccha- 
ridcs and sugar alcohols, (ii) from about 409< to 
about 80% by weight of fatty acid C1.3 alkyl esters, ^ 
(iii) from about \7c to about 30% by weight of an 
alkali metal fatty acid soap, and (iv) from about 
0.05^ to about by weight of a basic catalyst 
selected from the group consisting of alkali metals, 
alloy of two or more alkali metals, alkali metal 
alkoxides. and alkali metal hydrides to a tempera- 
ture from about I IO°C to ab<5Ut 1 80*C at a pressure 
of from about 0. 1 mm of Hg to about 760 mm of 
Hg to form a homogenous melt of partially esteri- 
ficd polyol and unrcactcd starting materials; 

2. Under the conditions of Step ( 1 ) adding excess 
fatty acid C,., alkyl esters to the reaction product 
of Step (I ) to form the polyol fatty acid polyester; 
and 

3. Separating the polyol fatty acid polyester from the 
reaction product of Step (2.). 

9. A process according to claim 8 wherein the polyol 
is sucrose. 

10. A solvent-free, low temperature process for syn- 
thesizing poly fatty polyesters consisting essentially of: * 

1. Heating a mixture of a fatty acid C,.s alkyl ester 
and an alkali metal hydroxide to a temperature of 
from about 10()°C to about I40°C under atmo- 
spheric pressure to form an emulsion comprising 
fnim about S% to about 30%, by weight, of the 
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corresponding alkali metal fatty acid soap and C,., 
alkyl ester; 

2. Adding to the reaction product of Step ( 1 ) from 
about 10% to about 50% by weight of a polyol and 
from about 0.05% to about 5% by weight of a basic 
catalyst selected from the group consisting of alkali 
metals, alloys of two or more alkali metals, alkali 
metal alkoxides. and alkali metal hydrides to form 
a heterogenous mixture; 

3. Heating the heterogenous mixture formed in Step 
(2) to a temperature of from about I IO°C to about 
ISO'^C under a pressure of from about 0. 1 mm Hg 
to about 760 mm Hg to form a homogeneous melt 
of partially estcrifled polyol and unreacted starting 
materials; 

4. Under the conditions of Step (3). adding excess 
fatty acid C|.j alkyl esters to the reaction product 
of step (3) to form the polyol fatty acid poly- 
ester: and 

5. Separating the polyol fatty acid polyester from the 
reaction mixture, 

11. A process according to claim 10 wherein the 
alkali metal hydroxide is potassium hydroxide. 

12. A process according to claim 10 wherein the 
polyol is sucrose. 

13. A process according to claim 10 wherein the fatty 
acid C,.j alkyl esters arc fatty acid methyl ester^i de- 
rived from natural oils selected from the group consist- 
ing of soybean oil, sunflower oil. safRower oil. and corn 
oil. 

***** 
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ABSTRACT 



An improved solvent-free Iransesterification process for 
producing polyol fatty acid polyesters is disclosed. In 
this process, a mixture of a polyol, a fatty acid methyl, 
2-methoxy ethyl or benzyl ester, an alkali metal fatty 
acid soap, and potassium carbonate, sodium carbonate 
or barium carbonate as a catalyst is heated to form a 
homogeneous melt. To this melt is subsequently added 
excess fatty acid methyl, 2.methoxy ethyl or benzyl 
ester, yielding the desired polyol fatty acid polyesters. 

17 Claims, No Drawings 
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SYNTHESIS OF HIGHER POLYOL FATTY ACID f'fnn. t^X'"^^".",' demonsn-wed for catalyzed reac- 

POLYESTERS USING CARBONATC GVTALY^ f^- uncatalyzed reactions; sodium hydride and 

vx v^Kui^r^Aii!, t^iALYbrs sodium-potasslun alloy are taught to be effective cata- 

TECHNICAL FIELD < P^P*"" aHfal' metal 

icv-KiNicALMtUD } carbonates and alkali metal alkoxides are relatively 

1 his invention relates to an improved, high yield ineffective as catalysts, 

synthesis of higher polyol fatty acid polyesters, sucrose U.S. Pat No. 4,334,061, Brossier. Ill issued June 8 

polyesters in particular, via transestcrification. 1982. describes a method for separating and purifying 

BACKGROUND OF THE INVENTION in Jjf P^'^'**'^ by the Rizzi and Taylor process. 

•Pk. (■ J J u ... ""e procedure requires, in the separation steo. an alka- 

The food and pharmaceutical industries have re- line pH which is obtained by adding an ^kku meul 

sued Aug. 17. 1971. describes low calone food compos- US Pat No 2 89^ QQn -i * ^ t , - 

tions formed by replacing at least a portion of thefat IqVq nZctjiw ^'^^^'^^^v^',^^ ^"'^ 

content of food products with higher^ yd fatty acid nw.V l^^r^^ ' process for makmg carboxylic acid 

polyesters. U.S. Pat. No. 3.954.976. m' ttLn and'vol ir diesTe^arJ ^^^^^ -ui raffmose; generally, mono- 
penhein. issued May 4. 1976, describes pharmaceutical 20 ester oTrfa«v^S t I t^^T^T' ^ 

compositions for inhibiting the absorpdon of choles- ' ^ - ^ ^^f"' "^^^^^^ ^'^''^^^ '"ethyl 

tcrol comprising effective unit dosage amounts of P^'^^f ^) .'j ^^^^^^^^ with ^ 

higher polyol fatty acid polyesters, as well as the u ^^^^ alkalme catalysts, including so- 

mcthod for treating hypercholesterolemia using these f""* carbonate and potassium carbonate, are disclosed 

polyesters. Additional pharmaceutical uses arc de- 25 the reaction. 

scribed in U.S. Pat. No. 4,241.054. Volpenhein and f " '^as now been found that by modifying the solvent- 

Jandacck. issued Dec. 23, 1980 (removal of halogenated transesterfication reaction described in the Rizzi 

toxins from the body), and U.S. Pat. No. 4.264.583 Taylor patent, discussed above, using potassium 

Jandacek. Apr. 28. 1981 (treatment of gallstones). ' ' carbonate, sodium carbonate or barium carbonate as the 
As a result of these many uses for the higher polyol 30 catalyst and/or using significantly higher soap:sucrose 

fatty acid polyesters, it would be desirable to have an ^^^^^^ ^^^^ ^^^^^ originally envisioned, shorter 

eflicient high yield synthesis for them. Historically. reaction times, more complete utilization of the polyol 

such syntheses have been conducted using a mutual component, and improved yields of the higher polyol 

solvent to solubilize a polyol and esters of long chain polyesters can be obtained. 

fatty acids, thus providing a homogeneous reaction 35 ^s, therefore, an object of this invention to provide 

medium suitable for catalytic transesterification. One ^" improved solvent-free high yield synthesis of polyol 

variation of this process, known as the Snell synthesis. ^^"V ^cid polyesters. 

has been employed as a means for preparing both oolv- eT«^** * ^, « 

and lower esters. However, the solvents employed in SUMMARY OF THE INVENTION 
such processes are difficult to separate from the final 40 The present invention encompasses an improved sol- 
product and are characteristically toxic, therefore limit- vent-free transesterification process for synthesizing 
mg the usefulness of such syntheses in the food and ^Jigher polyol fatty acid polyesters comprising the steps 
pharmaceutical industries. Accordingly. efTorts have (0 heating a mixture of (a) a polyol selected from the 
been directed toward the discovery of high yield syn- group consisting of monosaccharides, disaccharides 
tneses or polyol fatty acid polyesters which do not em- 45 and sugar alcohols, (b) a fatty acid ester selected from 
ploy toxic solvents. the group consisting of methyl esters. 2-methoxy 
BACKGROUND ART ^'^^^^^ ^"^ mixtures thereof, (c) an 
1 1 <; P^t M 1 Qici i:ofl T» . . ^^^^^ ''^"y ^^^^ ^°^P' a basic catalyst, to 
I <; 107^ J* i^o. j.yoj,699. Rizzi and Taylor, issued June a temperature of from about 1 10" C. to about 180* C 
13. lyvb, descnbes the basic solvent-free transesterifica- 50 at a pressure of from about 0.1 mm to about 760 mm 
tion process for synthesizing higher polyol fatty acid of mercury to form a homogenous melf and 
po yesters. In this three-step reaction, a mixture of a (2) subsequently adding to the reaction product of steo 

rforh i^f^M ^ ? selected from the group 

(such as fatty acid methyl ester), an alkali metal fatty consisting of methyl esters. 2-methoxy ethyl ^ters 

acid soap, and a basic catalyst is healed, forming a ho- 55 benzyl esters and mixtures thereof- 

mogeneous melt, to which is added excess fatty acid the improvement being obtained by utilizing a basic 

f.iJtfnn^.*? polyesters are then separated from the of potassium carbonate, sodium carbonate, barium car- 

^i^fT' ^^'ftT "^^"^^^ ^" P^^*="^ ^'^"^'^ ™«tures thereof. The preferred catalyst L 

as bemg useful include alkali metals, alloys of two or 60 potassium carbonate. ^ 

meS a k^id'!!!'^^ ^'^^ ""''^^ ^^"^l^"^^ ^" ^ particularly preferred embodiment, the present 

^! processes exemplified in this pa- invention further encompasses an improved solvent 

tent utilize sodium hydride, sodium hydroxide or dis- free transesterification prbSs f^ syT^^rine W^er 
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ethyl esters, benzyl esters and mixtures thereof, (c) an Particularly preferred classes of materials suitable for 

alkali metal fatty acid soap, and (d) a basic catalyst, to use herein include the monosaccharides, the dissacha- 

a temperature of from about 110* C. to about 180* C. rides and sugar alcohols. Preferred carbohydrates and 

at a pressure of from about 0.1 mm to about 760 mm sugar alcohols include xylitol, sorbitol and sucrose, 
of mercury to form a homogeneous melt; and 5 As used herein, the term "fatty acid esters" is in- 

(2) subsequently adding to the reaction product of step tended to include the methyl, 2-methoxy ethyl and ben- 

(1) excess fatty acid ester selected from the group zyl esters of fatty acids containing about eight or more 

consistmg of methyl esters, 2-methoxy ethyl esters, carbon atoms, and mixtures of such esters. Suitable 

benzyl esters and mixtures thereof; esters can be prepared by the reaction of diazoalkanes 
the improvement bemg obtamed by using molar ratios 10 and fatty acids, or derived by alcoholysis from the fatty 

of soaprpolyol in step (1) of from about 0.6:1 to about acids naturally occurring in fats and oils. Suitable fatty 

1:1. preferably from about 0.75:1 to about 1:1. more acid esters can be derived from either saturated or un- 

preferably from about 0.75:1 to about 0.85:1, most pref- saturated fatty acids. Suitable preferred saturated fatty 

erably about 0.75:1. acids include, for example, capric. lauric. palmitic, stea- 

DETAILED DESCRIPTION OF THE behenic, isomyristic, isomargaric, myristic. ca- 

INVENTION Pn^J^c, and anteisoarachadic. Suitable preferred unsatu- 

rated fatty acids include, for example, maleic, linoleic, 

1 ne present invention encompasses improvements in licanic. oleic, linolenic, and erythrogenic acids Mix- 

the solvent-free transesterificaiion reaction for forming tures of fatty acids derived from soybean oil. palm oil 
higher polyol fatty acid polyesters described and 20 sunrtower oil. safOower oil. and corn oil are especially 

claimed in U S. Pat. No. 3,963,699, Rizzi and Taylor. preferred for use herein. Methyl esters are the preferred 

i^ued June 15. 1976, incorporated herein by reference. fatty acid esters for use herein, since their use in the 

This process is characterized by a three-step reaction process herein tends to result in unusually high yields of 

procedure, summanzed below. By utilizing the im- polyol fatty acid polyesters 

provements taught herein, the reaction described in the 25 As used herein, the term "alkali metal fatty acid soap" 

Rizzi and Taylor patent can be improved by reducing is intended to include the alkali metal salts of saturated 

excessive foaming, shortening reaction times, increasing and unsaturated fatty acids having from about eight to 

the yields ofthe higher polyol fatty acid polyesters, and about eighteen carbon atoms. Accordingly, suitable 

yielding products having better (lighter) color charac- alkali metal fatty acid soaps include, for example, the 
tenstics. In fact, the improvements herein permit the 30 lithium, sodium, potassium, rubidium, and cesium salts 

reaction to be formulated as a single step solvent-free of fatty acids such as capric, lauric. myristic, palmitic, 

reaction for the production of higher polyol fatty acid licanic, parinaric. and stearic acids, as well as mUtures 

polyesters. thereof. Mixtures of fatty acids derived from soybean 

STEP 1 sunflower oil, safflower oil. and corn oil are pre- 

T« *u r * * r 1. ^^""^^ herein. Accordingly, preferred alkali 

m the first step of the present process, a heteroge- metal fatty acid soaps include, for example, the potas- 

neous mixture of a polyol. fatty acid methyl. 2.methoxy sium soap made from soybean oil fatty acids and the 

ethyl or benzyl esters, an alkali metal fatty acid soap. sodium soap made from sunHower oil fatty acids, 

and a basic catalyst is reacted to form a homogeneous The basic catalysts generally suitable for use herein 

melt comprising partially esterified polyol and unre- 40 arc those selected from the group consisting of alkali 

acted starting materials. metals, such as sodium, lithium and potassium; alloys of 

AS used herein, the term "polyol" is intended to in- two or more alkali metals, such as sodium-lithium and 

ciude any aliphauc or aromatic compound containing at sodium-potassium alloys; alkali metal hydrides, such as 

least two free hydroxyl groups. In practicing the pro- sodium, lithium and potassium hydride; and alkali metal 

cess disclosed herein, the selection ofa suitable polyol is 45 alkoxides, such as potassium t-butoxide and sodium 

simply a matter of choice. For example, suitable polyols raethoxide. 

may be selected from the following classes: saturated In the present invention, the basic catalyst used in the 

and unsaturated straight and branched chain linear ali- reaction is potassium carbonate, sodium carbonate, bar- 

f„M»?' saturated and micturated cyclic aliphatics, ium carbonate, or mixtures of these compounds. It has 

including heterocyclic aliphatics; or mononuclear or 50 been found that when these specific compounds are 

?nc r^^'i^tf S'^""^'*": including heterocyclic aromat- used as the catalyst, shorter reaction times and/or in- 

nni\,M/^^ ^^^^ and non-toxic glycols are preferred creased yields of the higher polyol polyesters are ob- 

polyols. Monosaccharides suitable for use herein in- tained when compared to essemially identical reactions 

elude, for example, mannose. galactose, arabinose. xy- carried out using more conventional catalysts, such as 

^se nbose. apiosc, rhamnose. psicose. fructose, sor- 55 sodium hydride, potassium hydride, soap, or sodium 

L?^ ^""^ erythrulose. Oli- methoxide. These preferred catalysts may also be used 

gosacchandcs suitable for use herein include, for exam- in admixture with the more conventional basic cata- 

~;:kvc ' ^?J'*?'°se. nigerose. cellobiose. lactose. lysts. described above. Potassium carbonate is the most 

melibiose. gentiobiose. turanose. rutinose. trehalose. preferred catalyst for use herein, 

w^j ^,^7^"°*^' Polysaccharides suitable for use 60 In a preferred embodiment of this invention, the cata- 

w? "i,v for example, amy lose, glycogen, cellu- lyst is dispersed in a suitable carrier so as to insure uni- 

Ai!S"* T • ^^T^* f^^^"^ ""^"^^ fi^^- ^^^^ distribution ofthe catalyst throughout the reaction 

f lln°^^^^ n carbohydrates in mass. Suitable carriers or dispersing agents include, for 

!n H^i ; TT^^^ occumng sugar alcohols are example, methanol and fatty acid methyl esters. 

nr^fS 7 carbohydrates that they are also 65 In carrying out step 1, the abovcKlescribed reactants 

preterral for use herein. The sugar alcohols most are combined to form a heterogeneous mixture The 

a™b1tT^^ and suitable for use herein precise ratio of reactants can S^sSed f^m 

are sorbitol, mannitol and galactitol. within the guidelines set forth hereinafter. However. 
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Sth'^rtS'-'r.^*^'""" """^ ^^'^'y '? «° «"=°hoI. Vacuum removal both with and without an 

. It has surprisingly been found that when this mixture i^rc^b'^aranf ^^^^^^ l^.' 

IS formed so as to include relatively high mclar ratios of 2 L^nxv i^^^^^^^ f''''^ °/ '^"y "^^thyl. 

soapipolyol. increased yields of the hieher oolv^ters 15 ^'7^^?°^^ or benzyl ester (wherem the soap:- 

(e4^e'octaesters)areUi^^^^^ e'Sly "ol" a^^^^^^ 

similar reactions carried out using lower art-disclosed fl^^ I ?nn<^ I n ""^^^ preferably 

soap:polyol molar ratios (e.g.. about O.s!^,' Jsp^i^ ^Tntl .1° 't'"'"' '"rT P'''!"'^'^ 

cally. these higher soap:polyol ratios result in ncreased ^ f vi^:M'^'Q''r 1^ ! ^^^^^P^^^^^of from about lOO* C 

yields of the higher poI?ols. more complete utilization 20 Ibou^ 7^ T "^"^^'^ 

of the polyol reaction component, and/or faster disap- ffPtu / , f ^^^'^^^ higher 

pearance of free polyol from the reaction mixtur^ ^''^^''^ ^^"^ ""^^ polyesters. 
Soap:polyol molar ratios in step 1 of from about 0.6:1 to STEP 3 

1:1 are. therefore, preferred for use in the present inven- in t^^ fhi.^ r . , . 

tion. More preferred soaprpolyol ratios fall in the range 25 J" . r ^^^P the process, the polyol fatty acid 

from about 0.75:1 to about 1:1. from about 0 75 1 fo P^'^^'^^ »n step 2 are separated from the reac- 

about 0.85:1, and most preferably about 0.75:1. The use contammg polyesters, soap, and unreacted 

of these high soap:polyol molar ratios is further dis- startmg materials. Separation can be accomplished by 

closed and claimed in concurrently-filed patent applica. TJ l-n '^P^^'"°" procedures routinely used in the 

tion US. Ser. No. 507.826. Volpenhein. Synthesis of 30 ff^' P^stiUaiion. water washing, conventional refining 

Higher Polyol Fatty Acid Polyesters Using High Soap-. If^^h^'^ues.or solvent extracuon are preferred due to 

Polyol Ratios, incorporated herein by reference. ^^"JI P/'^^^ economy. 

The heterogeneous mixture is heated to a tempera. r "owing non-Iimitmg examples are intended to 

ture within the range of from about 1 10* C to about ^^^^^^ ^^^"V the mvention. but should not be con- 

180- C. preferably from about 130- C to about 145- C 35 ^tr^^^ as limiting thereof. 

under a pressure of from about 0. 1 mm to about 760 mm , r\°^ , followmg reactions was carried out in a 

preferably from about 0.5 mm to about 25 mm of mer^ „ 3-neck fiask contammg a stirrer, thermometer. 

cury. Within these temperature and pressure ranges, a ^ condensor. and vacuum outlet 

homogeneous melt of partially esterified polyol and EXAMPLE I 

unreacted starting materials will form in from about 1 to 40 ^ ^ 

4 hours. Two Stage Reaction 

STEP 2 Step (1): 3.6 g 85% KOH pellets (0.055 moles) dis- 

solved in some methanol and 103 g (0.347 moles) soy- 

In the second step of the instant process, excess fatty bean oil fatty acid methyl esters (FAME) were heated 

^^!5!J" u'' ^■'"^thoxy ethyl, or benzyl esters are 45 and stirred at reflux for two hours. 25 g sucrose (0 073 

added to the homogeneous melt formed in step I. As moles) and I g potassium carbonate were added and the 

us^ herein, the term "excess" is intended to include condensor removed. The soap:sucrose molar ratio of 

sufHcient fatty acid esters to raise the overall ester: the mixture was 0.75:1. The methanol was evaporated 

?? ^Auv ^?'°''f ^^"''^ preferably to about from the mixture under a gentle stream of nitrogen. 

12:1. Although ratios beyond 12:1 can be used, as a 50 When the reaction reached 100* C, a vacuum was ap- 

general rule, such ratios do not noticeably decrease plied and the temperature brought to 135' C Condi- 

reaction time or improve the yield and, therefore, tend tions were maintained for two hours, 

to be impractic^ When fatty acid methyl esters are Step (2): 174 g additional FAME (0.585 moles) was 

iBed, It IS preferred that after the excess ester is added to drawn into the reactor. The final molar ratio of FAME 

the reaction mixture the mixture be heated to a temper- 55 to sucrose was 12:1. The temperature was- allowed to 

2ut nsT^'^'"' >20- C to about 160- C. preferably recover to 135- C. and stirring under vacuum ^ coL^ 

about 135 C, at a pressure from about 0. 1 mm to about tinued for three hours. The vacuum slowly decreased in 

10 mm. preferably from about 0.5 ram to about 2 mm. of this time to from 5.0 to 0.5 mm Kg, as the methanol 

mercury to form the polyol fatty acid polyester mate- formed during the reactions w^ removed 

^i^'nrVn ITT"" V' P^*^f''=?*>^y than 60 The reaction was cooled to W-lOO* C and 200 ml 

about 10 hours, and generally is between about 2 and 8 8():20:2 (by weight) water:alcohol:salt added and the 

T, .h^..!^ k. J .1. . , Stirred for 10 minutes at 80* C The reaction mix 

It should be no ed that as the transesterification reac- was transferred to a separatory funnel and the oh^ 

duct In order to promote the reacuon, the alcohol 6$ was discarded and the lipid phaseretumcd to the rwc" 
by-product js preferably removed. Many removal tech- tor for additional washL fLr^AT^ond 80^2 
f ^If ^^^^ ^ watenalcoholsalt wash and then wnh^% aS.^ 

used to efrectively and efflcienUy remove the lower acetic acid and two water washes (a« at 80' ^)Thc 
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lipid was dried under vacuum, bleached with 1-5% 
Filtrol 105 (a bleaching earth), filtered and steam de- 
odorized at 205* C. to remove excess FAME. The sam- 
ple was weighed and the yield calculated as percent 
sucrose recovered as octaester. 5 

The octaester content of the reaction product was 
determined by separating the mix on a sDica gel column 
and weighing the relative amount of octaester and par- 
tial esters recovered. The product formed comprised a 
niixturc of the higher polyesters of sucrose, having a 10 
high octaester content. 

Substantially similar results are obtained when the 
potassium carbonate catalyst is replaced, in whole or in 
part, by sodium carbonate, barium carbonate or mix- 
tures thereof. Similar results are also obtained when the 15 
sucrose is replaced, in whole or in part, by sorbitol, 
xylitol, mannitol or galactitol. The FAME is replaced, 
in whole or in part, with soybean oil benzyl esters, 
soybean oil 2-methoxy ethyl esters or the methyl esters 
of palm oil, sunflower oil, safQower oil, or corn oil; 20 
similar results are obtained. Similar results are also ob- 
tained when the potassium soybean oil fatty acid soaps 
used in the above example are replaced, in whole or in 
part, by the lithium, sodium, rubidium or cesium salts of 



8 



droxide (KOH), all at 10 mole percent of the sucrose in 
the reaction. K2CO3, NaOMe, and potassium hydride 
(K.H) were also compared at four weight percent of the 
sucrose. The results are summarized in the table below. 



Effect of Various Catalysts on 





Concentration 




9b Octa- 


Catalyst 


(Sucrose Basis) 


% Yield 


Ester 


K2CO3 


10 mole % 


90 


75 


Na,H 


10 mole % 


76 


36 


NaOMe 


10 mole % 


85 


63 


KOH 


10 mole % 


38 


Not determined 


Na2C03 


10 mole % 


79 


40 


None 




45 


5 


K2CO3 


4 weight % 


92 


79 


NaOMc 


4 weight % 


79 


79 


K.H 


4 weight % 


80 


80 



EXAMPLE IV 

To assess the effect of soap level on the reaction, the 

V • — — — reaction as described in Example I was utilized. The 

fatty ac-dsdenved from sunnower 0.1. samower 0.1 or „ concentration of soap in the reaction mix was con- 

trolled by either varying the amount of KOH added at 
the beginning or by adding varying amounts of pre- 
formed potassium soaps. 

, . ^ Two analytical methods were used to monitor the 

3.6 g 85% KOH pellets (0.055 moles) dissolved in 50 30 effect of soap on the reaction. In the first, varying 
ml methanol and 278 g (0.933 moles) soybean oil fatty amounts of KOH and radiolabelled sucrose were used, 
fnmi""^ were refluxed for two hours. 25 g At the end of the Hrst two hours, before the second 

Tv. ^""^ ^ ^ potassium carbonate were addition of FAME, the reaction was stopped and parti- 

0 75'?'^^.'m.?hfnr^ ^^'^^^ ^<'' ^^^^^ ethyl acetate. The 

u:!':r^^^^^^ " ~ -^^^^^^ ^-"iV*^^. ?l-^ve to 



EXAMPLE II 
Single Stage Reaction 



under nitrogen. When the reaction reached 100' C, a 
vacuum was applied and the temperature raised to 135* 
C. Reaction conditions were maintained for four hours. 
The reaction was cooled, 15 ml. of water added, stirred 
5 minutes and certrifuged (45 minutes. 8000 RPM). The 40 
mixture of higher sucrose polyesters was then decanted 
from the soap. The mixture was then bleached with 
1-5% Filtrol 105, filtered and steam deodorized at 205' 
C. to remove excess FAME. 

The product formed comprised a mixture of the 45 
higher polyesters of sucrose, having a high (about 85%) 
octaester content. 

Substantially similar results are obtained when the 
potassium carbonate catalyst is replaced, in whole or in 
part, by sodium carbonate or barium carbonate. Similar 50 
results are also obtained when the sucrose is replaced, in 
whole or in part, by sorbitol, xylitol, mannitol or galac- 
titol. The FAME is replaced, in whole or in part, with 
soybean oil benzyl esters, soybean oil 2-methoxy ethyl 
esters or the methyl esters of palm oil, sunflower oil, 55 
safflower oil, or corn oil; similar results are obtained 
Similar results are also obtained when the potassium 
soybean oil fatly acid soaps used in the above example 
are replaced, in whole or in part, by the lithium, sodium, 
rubidium or cesium salts of fatty acids derived from 60 
sunflower oil, safflower oil or com oil 

EXAMPLE III 
The general procedure described in Example I was 
used to compare the effectiveness of various catalysts. 65 
Those tested included potassium carbonate (K2CO3), 
sodium carbonate (Na2COj), sodium mcthoxide 
(NaOMe). sodiutn hydride (Na.H) and potassium hy- 



that added as free sucrose at the beginning of the reac- 
tion was a measure of unreacted sucrose. These results 
are summarized below. 





Effect of Soap Conccniration 




On Sucrose Reaction 


Grams KOH 


Molar Ratio 


Unreacted Sucrose 


Added 


Soap:Sucrose 


Remaining after 2 hrs. 


3.6 


0.75 


1.2 


14 


0.3 


3.6 


1.4 


0.3 


14.0 


0 


0 


too 



In the second test, varying amounts of preformed 
potassium soap were added to the mixture in place of 
KOH. The effect of the soap was judged by measuring 
yield of sucrose polyesters and octaester content. The 
results obtained are as follows. 





EfTeci of Soap Concentration 




On Yield of Sucrose Polyester 


Grams Potassium 


Molar Ratio 




Scop Added 


SoapzSucrose 


% Yield % Octaester 


4.7 


a2 


Foamed & charred too 






badly during reaction 






to recover 


7.7 


0J3 


73 47 


15.0 


0.64 


90 80 


17.6 


a75 


93 77 


23.5 


1.0 


91 74 



What is claimed is: 
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(1) heating a mixture of (a) a polyol selected from a poIJol'^LcJ^' ^ 
group consistmg of monosaccharides, disaccha- 5 ii tHp nrr^«c * , • , 

rides and sugar alcohols, (b) a fatty acid ester se- rJlv^ ^.^^^ according to claim 10 wherein the 

lected from Se group ciilsisting of methyTl^te^ ^'"^ " ' '^'"^'"'^ "^''^'^ 

2.methoxy ethyl esters, benzyl esters, and mixture JLlZ^r^!T f'^^f''^ ^^^»"? " ^^e 

thereof, (c) an alkali metal fatty acid soap, and (d) *T ^ ^. ^""^"^ ^ ^^om 

a basic catalyst, to a temperature of from about 10 .5 ^??P soybean oil. sunflower oil. palm 

1 10' C. to about 180* C. at a pressure of from about samower oil. com oil. and mixtures thereof. 

0.1 mm of mercury to about 760 mm of mercury to • The process according to claim 12 wherein the 

form a homogeneous melt; and mixture of step (1) is heated to a temperature of from 

(2) subsequently adding to the reaction product of ^^^ffi^^* ^' ^' 

step (1) excess fatty acid ester selected from the 15 , Process according to claim 13 wherein the 

group consisting of methyl esters. 2-methoxy ethyl Jf^i*!" soap:polyoI in step (1) U from about 

esters, benzyl esters and mixtures thereof; ^° ^^^^^ 

the improvement wherein the basic catalyst is potassium Process according to claim 14 wherein after 

carbonate. the addition of the ester in step (2). the reaction mixture 

2. The process according to claim 1 wherein the 20 " Seated to a temperature of from about 120* C. to 
polyol is a disaccharide. al>out 160' C. at a pressure of from about 0.1 mm to 

3. The process according to claim 1 wherein the ^^"^ mercury to form the polyol fatty acid 
polyol is selected from the group consisting of sucrose, polyesters. 

xylitol. sorbitol, and mixtures thereof. 16- The process according to claim 9 wherein water is 

4. The process according to claim 1 wherein the fatty 25 ^^^^^ mixture of step (2), said mixture is centri- 
acid esters are fatty acid methyl esters. fuged and the higher polyol fatty acid polyesters are 

5. The process according to claim 4 wherein the separated therefrom. 

methyl esters are derived from materials selected from ^7. A single-step solvent-free transesterification pro- 

the group consisting of soybean oil. sunflower oil. palm cess for synthesizing higher polyol fatty acid polyesters 

oil, safflower oil, corn oil, and mixtures thereof. 30 comprising the heating of a mixture of: 

6. The process according to claim 1 wherein the (a) a polyol selected from the group consisting of 
mixture ofstep(l) IS heated to a temperature from about monosaccharides, disaccharides and suear alco- 
130' C to about 145* C. hols; 

7 The process according to claim 1 wherein the W an excess amount offatty acid esters selected from 

IH^i^'^'f '^^P ^^^"^ ^-^-^ 35 the group consisting of methyl esters. 2.methoxy 

to aoout 1:1 ^. , . ^^^y' benzyl esters, and mixtures thereof; 

». 1 he process according to claim 7 wherein the (c) an alkali metal fatty acid soap- and 

molar ratio of soap:polyoI in step (1) is from about (d) a catalytic amount of potassium carbonate; 

0 -rT ^, wherein the molar ratio of soaprpolyol in said mixture 

9. The process according to claim 1 wherein the 40 is from about 0.75:1 to about M- 

Tn^'^K*" -^If. ^9 comprises from about 10% to a temperature of from about 1 10* C to about 180* C 

about 1% to about 30% by weight of the alkali metal • • ♦ ♦ ♦ 

45 



50 



55 



60 



65 



I NTERDEPARTMENTAL CORRESPONDENCE 



From: S.D. Pearson/6.R. Wyness Date: March 22, 1989 

To: Distribution Retention Limit: 03/1/90 

Subject P90327 ExperlmentalTest Pla n - Frvma Mllllnn Ti><i« 
OBJECTIVE 

The objective for this run Is to examine the effects of mil led sucrose on the continues reaction, and to test 
different modes of milling. Completion of these experiments will help us understand what the sucrose 
particle size requirements are for the Test Marlcet with the current process, and where the best place in the 
process to locate the mill is. 

Experimental 

The run consists of three experiments. In the first, sucrose/ester slurry will be milled ( without soao) . 
In the second, sucrose will be milled in our normal orocfidiirft. i.e. . In the presence of soap and in a single pass 
thru the mill. In the third, the sucrose will be milled to a greater than normal degree b y recirculating thru 
the mill for 2,5 hours, 

Changeovers between tests will be simply clean breaks, we will not dump and restart the first two reactors. 

We will use all the reactors through 607 for all runs. Operating conditions will be the same for all runs. As 
in the past, the catalyst injection system will be used to add aii the powdered carbonate, and two reactors are 
planned for stage 1 (R600&R601). The experimental conditions are shown below. (See Experimental 
Conditions Checklist for complete details). 
Pressure (mm Hg) 



Stage! 


15 


Stage II 


2 


Stage III 


2 


Catalyst cycle (minutes): 




R600 


II 


R601 


15 


R602 


7 


R603 


7 


Feedrate Sucrose/ester (Ib/hr) 


55/66 



Stage II ester addition will be evenly split between R60 1 & R602. 
Two feed batches are requirel 

The first feed batch will be made as follows: A Z0% sucrosis in ester slurry will be made in 00 1 . using 800* 
sucrose, 1 ,870* ester. It will be transferred to 026 thru the mill. Soap made in 50 1 will be transferred to 
00 1 while the MeOH is evaporated. Chase with 250' ester . add i 080* cool ester . transfer to 026 This is 
feed for run I . 

While run I Is proceeding, prepare a second feed batch In 001 (soap from 501) following Semi-Works 
prooedures.. When run 1 Is complete, stop the reaction system ( lower temperature to 260F. reduce vacuum ). 
empty 026. Then transfer approximately half the feed batch from 00 1 to 026 thru the mill to 026. Restart 
feed to the reaction system from 026. This is run 7 Approximately 3-4 hours before 026 runs empty start 
recycle milling of 00 1 . This milling should be done for 2.5 hours. When run 2 ends, blow the slurry 
recirculation line, then start run ^ h v feeding from 00 1 . 




1. It is crttfcal that the experimental conditions be closely monitored and adhered to. Please 
clear all significant deviations from the run plan through me first. 

2. Detailed analysis schedules will be posted In th e lab. SAMPl FS MUST BE TAKFN FROM EVERY FSTFR Bt FND. 

3. The data should be plotted on a control chart One person on each shift will be responsible for this. 



PROPOSED TIMFTABIF 

Cumulative Time (hr) EygQl , ^ 

R600 start-up. feed from 026. use two shots from injector initially, 
once through foamino turn on injector as reactor is fin«l 
R600 through foaming and full, run 1, feed to drum 
feedtoR601 and add 1 /2 of second staoe esters whilft fiiiinn 
R601 full, feed to drum 

feed to R602 and start addino rem aining 1 /? of Pnri stafy> 
esters to 60 1 while filling 
R602 full, feed to R603 and continue to fill to R607.. 
all reactors full and feeding forward 
run 1 complete, slop reaction system, clrar 026, mill 1 /2 
feed batch from 00 1 to 026. clear slurry recirculation line 
start run 2 by feeding from 026 
run 2 complete, clear slurry recirc line, change over to 00 1 
start run 3 
run 3 complete. 



Materials: 

All feed vessels should be drop tested prior to use. Two sucrose feed batches are necessary, prepared 
In the following manner: 

Batch 1: 

1. Charge 1870« ester to 001. 

2. Add 800« sucrose to 00 1 . 

3. Agitate for 1 5 minutes then transfer to 026 through the mill , chase with 2S0* ester, 

4. Malce soap In 50 1 „ following Semi-Works procedures. 
5,. Pump 1 000* of stage I esters into 00 1 . 

6. Transfer soap solution from 50 1 to 00 1 while evaporating methanol ; chase with 250* ester blend 

7. Pump 330* of stage I esters into 00 1 from truck , cool batch to 1 80F If necessary., 

8. Transfer soap/ester mixture to 026. 

Batch 2: 

.1. MakeanormalbatchlnOOl fonowingSeml-Worksprocedures,(usefreshMeOH),add2.4SO«cool esters 
but no 250* chase thru the mill) but dlM recirculate through the mill ; clear 026. then transfer 1 /2 the 
batch through the mill to 026, 

2. Feed from 026 for run 2 

3, Feed from 001 for run 3. 




m 



8 
9 
11 
12 

14 



Ob 



Prior to starting up R600. pull a vacuum on sucrose feed (and for subsequent feed batches before the/ are used) and 
on second stage esters for 1 0 minutes. Moistures should be run on sucrose and second stage ester feed every 4 hours 
and before a new feed batch Is brought on stream. Maintain 008 , 00 1 , 026 and the catalyst slurry tank under No 
throughout the run. 

The amount of material , following methanol evaporation. Is: 
ComoOOSQl Wt per Batch 

Sucrose 800 
KOH 100 
1-1 (soap) 550 
Ester 3700 

5150 

Methanol requirements 1100 

One catalyst batch Is necessary, prepared In 3243 as outlined in the Semi-Works procedures. 
The amount of material Is: 

(^mponsnt Wt per Batch 

powdered K2C03 300 
Ester 

1200 



The following is a breakdown of ester requirements for the entire run: 

Component wt 

Feed batches 7.400 
Direct ester feed 5,300 
Catalyst 900 

Total 13.600 

S.D. Pearson/6.R. Wyness 

Distribution 
S.R. Alexander 
R. J. Belanger 
D. J. Bruno 
D. D. Farrls 
R. G. Fencl 
B. P. Qroi/ 
J. K. Howie 
V.Wee 

Bldg 96 viae. White 



INTERDEPARTMENTAL CORRESPONDENCE 



FROM: S. D Pearson DATE: July 14 1989 

TO: Distribution RETENTION LIMIT: 7/1/90 

SUBJECT: P90327 RTJN SUMMARY 
SUMMARY 

The objective for the three experiments of P90327 was to evaluate the effects different 
modes of wet miUing the sucrose slurry may have on the FG reaction. The three modes of 
milling were: the normal procedure of once thru the mill with soap (16% sucrose), once 
thru the miU without soap (30% sucrose), and milled to a greater than normal denee by 
recirculaong thru the mill for 2.5 hours (approximately five turnovers of a 16% sucrose 
slurry). These tests further our understanding of what the sucrose particle size 
requirements aitJoT the continuous process and verify die mill location chosen for Test 
Market. Blend Y esters (47% 185/53% hardstock) were used. Standard reactor conditions 
were used including a stage I pressure of 15 mmHg and stage H & IH pressure of 2.0 
mmHg. 

P90327 lasted for 83 hrs and accompUshed tiie miUing evaluation. Good steady-state 
results for the process parameters were obtained and die final octaester ranged fix)m 89% 
for the feed miUed once thru with soap to 96% for the recycle milled feed. Image analysis 
of the feed batches mdicates the three milling methods gave different sucrose pmicle sizes 
which influenced stage I results and may have ultimately affected final convereion The 
successful test of milling without soap confirmed the Test Market plan of locating the 
hryma mill m the main sucrose recirculation line. 



KEY POINTS 



^- The Fryma mill again nerfomied veiv wftll There were no mechanical problems 
assoaated with the mill during the run. OperationaUy. however, the gap setting 
appears to wander whUe the miU is being cleaned for subsequent feed batches. We 
need to develop a more refined way of setting the gap and locking in the current 
setong so It cannot be changed- The miU gap sets the sucrose particle size which 
profoundly mfluences the reaction charactoistics, and so must be tighdy controlled. 

^- The mode in which the feed is milled affecK t h e suc:.nsft particle size: smaller ^..rmc/. 
particle sizes imprnve utilization and m av increase final convenion. The, ^nrrn^^ ^i.. 
(number average basis) using image analysis varied fiom approximately 21 u for 
^"'^K '^^P, ^° ^ "*y<=l« °^ed condition. The larger size sucrose, 

probably due to its lower specific suface area , was not utilized as effectively in stage 

Ln ^t^i*^"*^*"'«?Si^P'° ^'^S® ^ only 0-37% when the feed was recycle 
miUed while u was 0.98% for the once thru with soap test The milUng mode was 
a^ evident late m the reation where, for example, die recycle milled batch reached 
the highest conversion of 96% octaester. It is unclear why residual sucrose can affect 
tinal conversion, more experiments are planned to fuither elucidate this relationship 



1 



3. Locating the mill on the sucrose recimil arion line for Test Market is appropriate , The 
three different milling modes tested in P90327 were chosen based on possible Test 
Market locations. From a process control point of view the sucrose recirculation line 
installation is preferred. Results from this series of experiments suggest that milling 
without soap, as would be the case for this location, presents no process problems. 



CHRONOLOOY 



Cumulative Time (hr\ Event 

R600 through foaming and full, feed to drum for 1 hr, begin 
run 1 (milled once thru without soap at 30% sucrose) 
feed to R601 and added 1/2 of 2nd stage esters while filling 
R601 full, feed to drum for 1 hr. 

feed to R602 and added remaining 1/2 of 2nd stage esters to 
602 while filUng 

R602 full, feed to R603 and continued to fill to R606 
all reactors full and feeding forward 
slurry feed pump went out 

system temporarily shut down while pump is being fixed by 
shuting off catalyst, N2 sparge, 2nd stage esters and closing 
header. 

slurry feed pump repaired, system brought back up 
R600 & R601 catalyst injectors staned cycling rapidly, R601 
injector shut off to allow catalyst level in R601 to drop, 
restarted R601 catalyst injector. 

run 1 complete, stop reaction system, clear 026, mill 1/2 of 
2nd feed batch from 001 to 026. 
start run 2 (milled once thru with soap at 16% sucrose) 
feeding from 026. 

start recycle milling 2nd sucrose slurry batch in 001 
end recycle milling in 001 

run 2 complete, clear slurry recirculation line, change over to 
001 and start mn 3 (recirculating thru the mill for 2.5 hours) 
run 3 complete. . 



OPERATTONAT. nF.TAn.5; 



A. FEEDSTRFAM.«; 

Straight Blend Y* esters (R90302) were used for P90327; no hardstock was added. 
Carbonyl levels were measured at 50 ppm. Moisture was less than 0. 1% for the entire nin. 
Two milled sucrose batches and one powdered K2CX)3 feed batch were necessary. 
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1 
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4.7 
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The catalyst batch (25% K2CO3) was prepared in 3243 and transfened to the catalyst 
slurry feed tank as required. During the course of the run 3243 was kept under a N2 
blanket. Cycle times for the injectors were 1 1/15/7/7 min for R6(X)-R603 repectively. 

Soap for the suaose feed batches were made in 501 foUowing the Semi-Works procedures 
then transferred to 001 for methanol removal. Residual base was measured at 0 11% and 
0.15% for the two soap batches made. 

Two sucrose feed batches were required. In the first batch, the sucrose (30% ) was milled 
once dmi to 026 before the soap and die rest of the stage I esters were added. For the 
second feed batch the normal 70# procedures were followed until die mUling step. At this 
pomt half the batch was mUled over to 026 (which had been cleaned of feed from run 1) 
while the remainder was recirculated dim the mill and back into 001 for 2.5 hrs. 
Approximately 5 turnovers of the feed occured during die recycle mUling. Run 2 was fed 
from 026 usmg the normal once thru the mill wiUi soap (16% sucrose) feed and Run 3 was 
fed from 001 widi die recycle milled feed. The Fryma mill gap was nominally set at 1/4 
turn off stop and die pump on 001 was set at 30%. The feed vessels were kept under N2 
blanket during die run. Moisture levels in the sucrose feeds remained under 0 1% 
throughout die run. 

Stage n esters were fed firom 008 for all diree runs. Esters were dried and sampled each 
time diey were brought in from die truck. 



B. START-UP. Rfinn 



The stage I start-up procedure was slighdy modified for diis run to test an alternative filling 
condition following initial foaming. Initial foaming was typical; foaming started roughly 
30 imn after reaching 270°F and lasted for 40 min. At diis point die normal procedure is to 
£11 slowly while at full vacuum until secondary foaming subsides. We attempted to fill at 
hill feedrate and at die stage I pressure of 15 mmHg to better understand die start-up 
limitations. Under diese modified conditions secondary foaming started almost 
immediately after feed was started into R600 and did not subside for two hours. It was 
clear diat die secondary foaming was uncontrollable using diis procedure so die level in 
R600 was dropped back to 0.5 in. and filling was resumed, diis time at full vacuum and 
foil rate. Secondary foaming was easily controlled under diese filling conditions and when 
die level reached 3 in. die pressure was brought up to die desired reaaor condition of 15 
inmHg. FUling R600 while at full vacuum appears to be essential until secondary foamine 
has subsided. ? y; * 

The figure below iUustrates die good stan-up behavior of R600 to die feed milled without 
soap at a sucrose concentration of 30%. Time 0 corresponds to die R600 being full and 
feeding forward either to a dnim or to R601. Steady-state is reached in dirce residence 
dmes (4.5 hr); no unusual charaaeristics attributable to die feed being milled widiout soap 
are apparent This was an important demonstration for die Test Market scenario where die 
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Fryma mill will be located in the sucrose recirculation line and milling will occur without 
soap. Based on the above test, there should be no start-up problems associated with no 
soap milling. 

The reliability of the slurry feed pump continues to be a problem. At 26 hrs into the run the 
tubmg failed even though it had been rebuilt prior to the start of the run. While the pump 
was being repaired the reactor train was shut down in the following manner 

1 . Catalyst injectors turned off to R600-R603 

2. Stage n ester turned off to R601 and R602 

3 . N2 sparge in R603-R607 

4 . Close vacuum headers in R600-R607 

In addition, the reactor temperatures were closely monitored to prevent overshoots. If the 
shutdown had been for an extended period of time (more than 1 hr) the reactor 
temperatures would also have been lowered This procedure worked very well and the 
reactors were quickly brought back on-line after tfie slurry feed had been reestablished 

C. Reactors Rffll-R ^7 



Reactors R601 thru R606 performed mechanically quite well during this run. The standard 
operating conditions of 15 mmHg in stage I and 2 mmHg in stage n were used A fiill 
listing of operating conditions for each reactor is in the Appendix. 

Reactor R607 was repaired prior to the start of the run, allowing us to use an eight reactor 
tram. Temperature control of R607 was difficult due to a bad regulator. Course control 
was achieved by opening and closing the bleeder valve on the reactor jacket 



4 



The #1 or #2 vacuum systems were used for reactors R602-607 depending on whether 
not the medianol removal step was taking place during preparation of the second feed 
batch. 



RESULTS AND niSriTSSTON 



STEADY-STATE IBAR PROFILE 




1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

REACTION TIME, hr 



STEADY-STATE OCTAESTER PROFILE 




2 3 4 5 6 7 8 9 10 11 12 13 14 



REACTION TIME, hr 



INTERDEPARTMENTAL CORRESPONDENCE 



From: S.D.Pearson Date: April 20. 1989 

To: Distribution Retention Limit: 04/1/90 

Subject: P90424 EXDorlmflntal Tflst Plan 

This memo summarizes the run plan for the upcoming 70« run scheduled for the weeks of April 24 and 
Ma/ 1 . 

OBJECTIVE 

The objective for this run is to examine the effects of various particle sizes of milled sucrose on the 
continuous reaction, and to test the effects of temperature in stage II & III. Completion of the these 
experiments during the P90424 run will help us understand what the sucrose particle size requirements 
are for Test Market with the current process. 

EXPERIMENTA! 

The run consists of six experiments. The first run in divided into four parts in order to evaluate stage 
I conditions for sucrose utilization at a given feed particle size. Two of these stage I conditions (as 
determined by PDD) will be run out so that the entire train will reach steady-state in order to assess 
final conversion. For this first run the sucrose feed batch will be recycle milled, without soap at a 
concentration of 30^ for 90min. Two additional feed batches will be prepared and milled so that three 
additional particle sizes can be evaluated (unmil led, once-thru with soap, and recycle milled for 5 hrs 
with soap) in full length runs This will let us understand particle size effects on stage I utilization 
and ultimately on final conversion. Two full runs will also examine the Influence of different 
temperatures (285*F, and 265*F) In stage II & 111. 

We will use all the reactors through 607 for all the conditions. As in the past, the catalyst injection 
system will be used to add aii the carbonate and two reactors are planned for stage I (R600&R601) 
Stage II ester addition will be evenly split between R60 1 & R602. Blend Y esters will be used for this 
run. The experimental conditions are shown in the Experimental Conditions Checklist 

^- It is critical that the exngrimental con ditions be closelv monitored and adhered to. Please clear all 
significant deviations from the run plan through ih'e firsL 

2- Pgtallaf SnqlYSiS schedules win be posted m the lab. ^MPLFS MUST BE TAKEN FROM EVFRY FSTFR 
BLEND, WRITF IN I OOPOOK WHENEVER ADDITIONS ARF MADF TO THF CAIM Y.ST TAMIf 

3- The data should be plotted nn n control rhart One person on each shift will be responsible for this. 



PROPOSED TIMFTARI F 

Cumulative Timftf hr) 



Event 



0 R600 start-up, feed from 026, use two charges from injector initially, 

once through foaming turn on imector as reactor is fillRi^ 

8 R600 through foamlngand full, run I, feed to drum 

9 feed to R60 1 and odd 1 /2 of 2nd staoe esters while filling 
" R601 full, feed to drum 

'2 feed to R602 and start adding remaining 1 /? of 2nd staoe 

esters to 60 iwhilftfilHm^ 
' 4 R602 full ,feed to R603 and continue to fill to R607 

22 all reactors full and feeding forward 

37 run 1 A complete, start run IB 

38 start 2nd sucrose feed batch preparation, following sucrose addition mill 
In recycle mode for 5 hrs 

TBD run IB complete,starl run IC 

TBD run 1Ccomplete,start run ID 



run I D complete.ch8n98 slurry pump.stop reaction system .clear slurry 
recirculation line, start run 2 by feeding from 001 
run 2 complete, shut down for weekend, dump R600, clear slurry 
recirculation line, transfer feed batch to 026 
weekend shutdown 

R600 start-up. feed from 026. use 2nd catalyst batch, use two charges 
from Injector Initially, once through foamlno turn on inlfictnr ftc; rp .ar. tnp 
's filled 

R600 through foamlngand full, run 3. feed to drum for 1 hr 

feed to R60 1 and add l /2 of 2nd staoe esters while fiiiim and continue to fi 1 1 to 

R607 



22 all reactors full and feeding forward 

37 run 3 complete, start run 4 

38 start 3rd sucrose feed batch preparation 

6 ' run 4 complete, stop reaction system , clear 026, mill 1 12 feed batch 

from 001 to 026, clear recirculation line, start run 5 by feeding from 
001 

85 run 5 complete, clear slurry recirculation line, change over to 026 

start run 6 
' 09 run 6 complete 



MATERIALS 

All feed vessels should be drop tested prior to use. three sucrose feed batches ore necessary the soop 

^K"JL??.P7i'^^!5' "^'"9 the procedures developed for Semi-Works ( i.e. using 50 i and removing 
MeOH in the PHX m the 00 1 recirculation. line). Do not, however , recycle MeOH for subsequent soao 
batches, use dry MeOH. 

Batch 1: 

1. Charge 1870* ester to 001 



2. Add 800* sucrose 

3. Agitate for 1 5 min then recycle mill back into 00 1 for 90 min 

4. Transfer to 026 . chase with 250* ester 

5. Makesoap in 501 following Semi -Works procedures 

6. Transfer soap solution from 50 1 to 00 1 while evaporating MeOH, chase with 250* ester 

7. Pump remaining 330* of stage I esters into 00 1 , cool to 1 80'F if necessary 

8. Transfer soap/ester m ixture to 026 

Batch 2: 

1. Makeanormal batch in 001 following Semi-Works procedures (use fresh MeOH. no mill chaser), 
cool with 2450*esters 

2. Add sucrose and recirculate thru mill and back into 00 1 for 90 min 

3. Feed run 2 from 00 1 

4. Transfer remainder of Batch 2 to 026 ( cleaned out) at start of week 2 and feed runs 3 and 4 from 
026 

Batch 3: 

1 Make a normal batch in 00 1 following Semi-Works procedures (use fresh MeOH no mill chaser) 
cool with 2450*esters 

2. Add sucrose, clear 026, then transfer 1 /2 the batch thru the mill to 026 

3. Feed from 00 1 for run 5 

4. Feed from 026 for run 6 



Prior to starting up R600. pull a vacuum on sucrose feed (and subsequent feed batches before use) and 
second stage esters for 1 0 min. Moistures should be run on sucrose end second stage ester feed every 6 
hours and before a new feed batch is brought on stream.Maintain 008. 001 . 026. and the catalyst slurry 
tank 3243 under N2 throughout the course of the run. The amount of material . following methanol 
evaporation, is: 

Component Wt per Batch 

Sucrose 800 
KOH 100 
I- 1 (soap) 550 
Ester 3700 

5150 

Methanol requirements 1 1 00 



Two catalyst batches are necessary, prepared in 3243. as out-lined in the Semi-Works procedures The 
batches should be prepared at the start of each week. The amount of material is: 

Cpmpongnt Wt per Batch 



powdered K2C03 
Ester 



288 
864 
1 152 



The following is a breakdown of ester requirements for the entire run; 



Component ^ 

Stgl 11,100 

Stgll M.600 

Catalyst 1 728 
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Pilot plant run P90424 yielded significant new learnings regarding sucrose particle 
size, temperature, and reduced soap effects on the continuous FG reaction. 



FG REACTION TECHNOLOGY 

In the last pilot plant run. P90424, we performed a series of experiments to examine the 
effects of Billed sucrose particle size, different temperatures In stage II k III, and 
reduced levels of soap In the feed. The continuous system again performed quite well 
during this two week period, allowing us to meet all the experimental objectives. Some 
of the conclusions that can be drawn from the data Include the following: 

1) Wet Billing of the sucrose Is effective In reducing the particle size sufficiently to 
achieve 98% octaester. By comparison, an unmllled sucrose feed batch reached only 93X 
octaester. The reason for these results seems to be related to sucrose utilization In 
stage I and the amount of sucrose present late In the reaction. The Billed sucrose 
was Bore available for esterlfl cation In stage I because of Its relatively larger 
specific surface area, which means less Is around late In the reaction, yielding a 
high conversion. At this point, however, we don't know the mechanism by which free 
sucrose Influences final conversion. I.e., whether It is an equilibrium effect or 
simply being brought In late. 

2) Lower temperatures (265*F or less) are desirable both froa an increased conversion 
and reduction in burnt sucrose view. At 285*F In stage II & III (10*F above 

our normal operating condition) the apparent reaction rate was significantly faster 
than at 265* F but conversion plateaued In the low 90% octa range, while the lower 
temperature condition reached 99-i-X octaester. In addition, there was no observable 
burnt sucrose at the lower temperature. These results are consistent with lab batch 
experiments conducted by Nelson Kolzschuh a few months ago. From the data (and recent 
work by J. Kao) it is clear that even lower temperatures are possible which may 
translate into significant color improvements. 

3) Reduced soap processing is feasible without comproBlsIng final conversion. Ve were 
able to reach high octaester content at half the soap level in the feed. Being able 
to run at reduced soap levels plays out as a substantial economic benefit on larger 
scale systems. The effect of less soap inr the reaction was to apparently reduce 
sucrose solubility in stage I resulting 1n;vslower reaction rates and poorer 
utilization. There was a downside to lower "soap processing, i.e. mechanical problems 
such as plugging of heat exchangers were experienced. This may just be a problem at 
the pilot plant scale, however, we will examine it in the future. 

The next pilot plant run scheduled for early June will continue to examine main effects, 
in particular we will attempt a no-soap experiment as well as operating at temperatures 
as low as 245-F. This will give us further insight into the reaction and allow us to 
explore different operating areas and assess their Impact on color and DFK formation. 



SDP/elg/2015 S. D. Pearson 
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INTERDEPARTMENTAL CORRESPONDENCE 

Fiom: S.D.Pearson Date; June 2. 1989 

To: Distribution Retention Limit: 05/1/90 

Subjeci; P90605 Fxnflrlmantal Tpst Plan 

This memo summarizes the run plan for the upcoming 70* run scheduled for the weeics of June 5 and 1 2. 
OBJECTIVF 

The objectives for this run are to continue to examine main effects on the continuous reaction In 
particul-^f^ we will test reduced soap levels, lower temperatures in stage II & III , and higher feed rates 
Blend Y esters will be used for this run. 

EXPERfMEMTAI 

The run consists of three main effects experiments, totalling eight different reaction conditions. In the 
first sat c( three conditions we will evaluate reduced soap levels in the feed. Soap levels of 50^ . 25^ 
and 0^ of normal will be tested. The first sucrose (all three batches required for P90605 need to be 
recycle milled for 5 hrs) and soap feed batch will be partitioned between the three conditions as 
directed by PDD to achieve the required compositions. Stage I pressure for the entire run will be 25 
mmHg and stage II & 111 pressure will be 2.0 mmHg. It is critical that conditions be closely monitored 
In the reduced soap run. The recirculation loops may need to be opened frequently to avoid clooQina 
problem?. ^ f a 

Following the soap experiments, the second effect to be evaluated is higher feed rates; the second feed 
batch will be used for this set We would like to get up to at least 82 Ib/hr ( 1 .5X) for the slurr/ feed 
rate and have all the reactors lined out The maximum rate will , of course, be determined by the 
system capability, which is what we are trying to evaluate. The characteristic of most Interested Is 
reaction rate, not necessarily extent. 

The last set of conditions will be directed at extending our understanding of lower temperature 
operation. Stage II & 111 temperatures of 260*F and 245*F will be tested. 

We will use all the reactors through 607 for all the conditions. As In the past, the catalyst Injection 
system will be used to add all the carbonate and two reactors are planned for stage I (R600 & R60 1 ).. 
Stage II ester addition will be evenly split between ft60 1 & R602. Blend Y esters will be used for this 
run. The experimental conditions are shown in the Experimental Conditions Checklisl 

'• It is critical that the exneri mental conditions be closelv monitored and adhered to: clear all 
significant deviations from the run plan through me first. 

2 Oc^ir led analysis scheriulfts w ill be posted in the lab. SAMPLES MUST BF TAKEN FROM FVERY FSTER 
BLEND. WRITE IN I nfiRnnt^ W HENFVFR ADDITIONS ARE MADF TO THE SMALl CATAI Y.<^T TANIC 



3. The data shou ld be plotted on a control chart as It Is taken. One person on each shift will be 
responsible for this. 



PROPOSED TIMFTABI F 

Cumulative Time (hr) Event ^ 

0 R600 start-up, feed from 026 at 55 Ib/hr for 20 min to get heel . use 

two charges from injector initially, once through foaming fill at reduced 
rate until level reaches 3 In then fill at full rate turn on Injector as 
reactor is filled 

8 R600 through foaming and full , run 1 , feed to drum 

9 feed to R60 1 and add l /2 of 2nd st aoe esters while filling 

11 R601 full, feed to drum 

12 feed to R602 and start adding re mainino 1 17 of 7nri stnnp 
esters to 602 while flllint] 

14 R602 full, feed to R603 and continue to fill to R607 

22 all reactors full and feeding forward 

37 run 1 A complete, start run 1 B feeding from 001 
61 run 1 B complete.start run IC 

38 start 2nd sucrose feed batch preparation, following sucrose addition mill 
in recycle mode for 5 hrs 

85 run 1 C complete, shut down for weekend, dump &rinse reactors, change 

tubing pump 

** weekend shutdown 

0 R600 slart-up, feed from 026 at 55 Ib/hr for 20 min to gel heel . use 

two charges from injector Initially, once through foaming fill at reduced 
rale until level reaches 3 in then fill at 1 .5X full rate turn on injector as 
reactor is filled 

8 R600 through foaming and full , run 2A, feed to drum 

9 feed to R60 1 and add 1 /2 of 2nd stage esters while filling ( @ 1 .SX rate) 

11 R601 full, feed to drum 

12 feed to R602 and start adding remaining 1 17 of 7nd staoe ( @ 1 .SX rate) 
esters to 602 while filling 

1 3 R602 full , feed to R603 and continue to fill to R607 
19, all reactors full and feeding forward 

27 run 2A complete, start run 2B 

28 start 3rd sucrose feed batch preparation 

run 2B complete, clear recirculation line, start run 3A by feeding 
from 001 

68 run 3B complete, start run 3C 

92 run 3B com plate .change tubing pump, start run 3C 

1 1 6 run 3C complete 



MATERIALS 



All feed vessels should be drop tested prior to use. Three sucrose feed batches are necessary, the soap 
batches should be prepared using the procedures developed for Semi-Works ( i.e. using 50 1 and removing 
fleOH in the PHX In the 00 1 reclrculatlon.llne). Do not. however, recycle MeOH for subsequent soap 
batches, use dry MeOH. 



1. Make a normal soap batch In 501 and follow Semi-Works procedures thru MeOH removal in 001. 
Do not cool with esters, use heat exchanger to cool < 200*F. 

2. Transfer 300^ ( 1 /6) of soap batch to 026 and the remainder to 50 1 , both should be agitated and 
under N2 

3. Rinse 00 1 to remove residual soap. 

4. Add 2450 lb of esters to 001. 

5. Add 800 lb sucrose and recirculate thru mill and back into 00 1 for 5hrs 
For run 1A: 

6. Transfer 1 100^ ( I /3) of sucrose slurry to 026 

7. Add 2 1 0 ^ of Blend Y esters to 026 

8. Pull sample from 026 & measure soap and sucrose levels, adjust as needed for run lA 

9. Feed run 1 A from 026 

For runs IB & 1C: 

1 0. Empty and rinse 026, then transfer 1 50^ of soap from 50 1 to 026 and 1 1 00 of sucrose 
slurry from 001 to 026 

11. Add 3 1 0 ^ of 8 lend Y esters to 00 1 

1 2. Pull sample from 026 & measure soap and sucrose levels, adjust as needed for run 1 C 

1 3. Add 420 ^ of Blend Y esters to 026 

1 4. Pull sample from 001 & measure sucrose levels, adjust as needed for run 1 B 

1 5. Feed run I B from 00 1 . and run I C from 026 

Batch 2: 

1. Make a normal batch In 001 following Semi-Works procedures ( use fresh MeOH no mill chaser). ^ 
cool with 2450*esters 

2. Add 800 lb sucrose and recirculate thru mill and back into 00 1 for 5hrs 

3. Transfer to 026 at the end of first week 

4. Feed from 026 for runs 2A and 2B 

1. Make a normal batch fn 001 following Semi-Works procedures ( use fresh MeOH no mill chaser), 
cool with 2450^esters 

2. Add 800 lb sucrose and recirculate thru mill and bock into 001 for Shrs 

3. Feed from 00 1 for runs 3A , 3B , and 3C 



Prior to starting up R600, pull a vacuum on sucrose feed (and subsequent feed batches before use) and 
second stage esters for 10 min. Pull a 4 oz sample of each feed prior to each change in run 
conditions. Moistures should be run on sucrose and second stage ester feed every 8 hours and before a 
new feed batch is brought on stream.Maintain 008 , 00 1 , 026 , and the catalyst slurry tank 3243 under 



N2 throughout the course of the run. The amount of materjal. following methanol evaporation, is: 



Component Wt per Batch 

Sucrose 800 
KOH too 
I- 1 (soap) 550 
Ester 5700 

5150 

Methanol requirements 1 1 00 

Two catalyst batches are necessary, prepared in 3243, as out-lined in the Semi-Works procedures. The 
batches should be prepared at the start of each week. The amount of material is: 

Component Wt per Batch 

powdered K2C03 288 
Ester 264 

1152 

The following is a breakdown of ester requirements for the entire run: 

Component y/1 

Stgl 11.100 
Stgll 14.600 



Catalyst 1 728 
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FG REACTION TECHNOLOGY 



Reduced soap feed levels of SOX, 25X, end OX of normal have been successful 
run to high conversions in the 70lf/hr pilot plant. 



Potassium soap, In concert with the lower sucrose esters produced early In the 
F6 reaction, serves to solubllize the essentially Insoluble sucrose/potassium 
carbonate/methyl ester system. Batch reactions have shown that In the absence 
of lower sucrose esters soap Is required, for the reaction to start and 
proceed. The lower sucrose esters alone, however, are effective sucrose 
solublllzing agents and since a small amount of soap Is generated during the 
reaction It has been speculated for some tine that the continuous system could 
take advantage of this and significantly reduce or eliminate soap from the 
feed, given the appropriate operating conditions In the first reactors. 

During the first week of the current round of experiments on the 70#/hr system 
we examined the effects of reduced soap levels In the FB reaction. Feed soap 
levels of SOX, 25X, and OX of normal were tested. The sucrose was finely 
milled and the stage II temperature was lowered to 265* F. At soap levels 
of SOX and 2SX the sucrose utilization was excellent In stage I and the final 
conversion reached over 9SX octaester. He were also very successful with the 
no-soap process, reacting to 84X octaester. even though sucrose utilization was 
relatively poor with 1.5X going forward. Visually the crude color appeared 
excellent: Randy Howard Is In the process of working up samples for colors. No 
burnt sucrose was observed In the crude nor were any mechanical problems 
experienced due to the low soap levels. 

The most Interesting results, however, are not In the relative differences In 
sucrose utilization or final octaester levels, but rather the strong effect 
soap has on tiM reaction rate. As soap: levels were reduced the rate of 
esterlflcatlon increased dramatically in both stage I and stage II j i.e., the 
no-soap process was faster than the SOX soap process. It 1$ unclear whether 
these differences are due to viscosity effects or perhaps result from the 
levels of soap soluble sucrose. This week we plan on following up on the 
no-soap reaction by changing stage 1 conditions to improve sucrose utilization. 

S. 0. Pearson / 

SDP/elg/2041 
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FG REACTIQM TECHMOLOfiY 



Another round of very successful experiments have been coaipleted on the 
JSJS^fL''^^^* ? "i*. Manufacturing technicians did aS great Job executing 
sHjpSrt ffoS'sSrc! " " analytical ^ 

JLI KCllrfJ JH ^2'* biweekly, the first week of experiments centered on 
JtJl It^^l demonstrated high conversions could be achieved 

even at reduced soap concentrations. Colors on samples from these conditions 

na?ie;Si'fs";e"d!;c2r'''ihjri s*'-"* /^^^ ^^^^^ ' signi?Tc5!;rim5;;;iiis;%s 

soap level 1$ reduced. While I have no doubts that a very low soap level 

During the second week of 70 lb experimentation we examined very low 

JS*'!«JSI'^I;s?Jt?! "ri ^" performed a high feed rate run to test 

the system capability. The low temperature run was at 250*F (25»F 

Sl5IIr!?^ll.!2!5 hi 1" stage IM III and SOX of the normal soap. The 
SS 5S}S;t^S?J '5 Colors .are in the process of being wofked 

observed no Improvement in DFK levels at the reduced 
J!?S r.m I!. ? experiments suggested might be the case. The high feed 
Ity* "o*^^ also '••each 90** octaester content. I 

«;.M!/;.lfJSr*f .r"^ ^ "P''^^^ of operating at this increasSS rate 
for extended periods of time once the slurry feed pump Is replaced (the pump 
deteriorated much quicker than normal during the run) with a more durable pump.. 



S. D. Pearson 

SOP/elg/2097 



Keywords: continuous reaction, soap, temperature 



INTERDEPARTMENTAL CORRESPONDENCE 



From: Gene P. Hawkins/S. D. Pearson Date: September 25,1989 

To: Distribution Retention Limit: 09/1/90 

Subject: P9Q925 Ex perimental Test Plan 

This memo summarizes the run plan for the upcoming 70# run scheduled for the weeks of 
September 25 and October 2. 

OBJECTIVE 

The objectives for this run are twofold: to examine the effects of reduced stage III temperature 
on DFK levels, and to monitor color in product made on the continuous system and refined under 
conditions that are anticipated for Test Market. A blend of Y esters (86,8%) and hardstock 
(13,2%) will be used for both weeks of this run. 

EXPERIMENTAL 

During the week of 9/25 we will examine two reactor conditions. In the first, the system 
will be brought up on conditions weVe run before and plan on using for the extended run 
during week 2 to confirm that the 70# system is operating properly and to provide an early 
indication of the color that can be expected. In the second run, for DFK evaluation, the 
temperature in stage 111 will be reduced to 230**F and the pressure adjusted to attain 
approximately 90% octaester out of the last reactor. 

The second week will consist of an extended run of roughly 64hrs at 1 .5x the normal feed 
rate. We will be primarily interested in the stability of the system during the reaction 
phase and will finish up the product using the clinical refining operations. The tubing pump 
will need to be changed prior to the start of the extended run and once about midway through 
the run. Once we have reached steady-state, crude should be directed to 3604, Care should 
be taken so that the temperature of 3604 is kept below 130**F. 

A recycle milled sucrose batch will be required for each week. Soap level for both of the 
catalyst variations will be approximately 33% of normal. Stage I pressure for the entire 
run will be 15 mm Hg; stage II & III pressure will be 2.0 mm Hg. The reactors are to be 
emptied at the end of the first week, with no material held for startup the following week. 

All the reactors through 607 will be used both weeks. The catalyst injection system will be 
used to add the carbonate as detailed on the Reactor Conditions Checklist. Two reactors (R600 & 
R601) are planned for Stage I. Stage II ester addition will be evenly split between R601 & 
R602. The complete list of experimental conditions for each reactor are shown in the 
Experimental Conditions Checklist. 

1. It is critical that the experimental conditions be closely monitored and ad hered to: dear all 
significant deviations from the run plan through PDD first. 



2. Detailed analvsis schedules will be posted in the lab. SAMPLES MUST BE TAKEN FROM 



EVERY ESTER BLEND, RECORD ADDITIONS TO THE SMALL CATALYST TANK IN THE LOGBOOK 



Analytical data are to be control c harted as generated: one person will be responsible for 
this on each shift, 



PROPOSED TIIVIETABLE 

Cumulative Time (hr\ 
0 



8 
9 
1 1 
1 2 

14 

r/z9 j 2 2 

,,ii^ri'WMoA^ 3 7 

T\ e'l 



f2> f^'^^t 



8 
9 

1 1 
1 2 

1 3 
1 9 
30 
74 



moo 



Event 

R600 starj ;^ /losellush mounted ball valve"orrB5 . 

/Tnen manually ^ill with slurry feed until level reaches top of 
f agitator; turn agitator on and ensure feed is well mixed before 
I opening flush valve and immediate ly starting up R600 pump; us^ 
Uwo charges from iniector initial} ]^ once through foaming, fill at 
reduced rate until level reacheTS" (full vacuum and 275*'F)being 
sure that catalyst injection is on as reactor is filled, then fill at 
full rale; once level reaches Sin adjust R600 conditions as shown 
on Checklist 

R600 through foaming and full. Run 1 feed to drum 
Feed to R601 and add 1/2 of 2nd staoe esters while filling 
R601 full, feed to drum 

Feed to R602 and start adding remaining 1/2 of 2nd stage 
esters to 602 while filling 

R602 full, feed to R603 and continue to fill to R607 
All rQ.actQr.$Jy[l and feeding forward 
-^Jtun 1_p.omplete7>start Run 2 feeding from 001. 
flun*'2TJGmplelerperform shutdown procedures. 



WEEKEND SHUTDOWN 



R600 start-up; fflanually add enough ealui I ree l lu all o w 
ffi Oifcu l Q tt on — t hrough R 60 e - oyotom, once roo i roulation 4s, 
f>^=^t:^^^^**^»^^^ P?^at SS Ih/hr for ?n min tp g et-hftfff;- 

useU wQ charges from i njoclor i nitially > once through foaming fill 
at reduced rate until level reaches 3", then fill at 1.5X full rate, 
being sure that catalyst injection is on as reactor is filled. 
R600 through foaming and full, Run 1 feed to drum 
Feed to R601 and add 1/2 of 2n d staoe esters while filling 
(5) 1.5X normal ratP 
R601 full, feed to drum 

Feed to R602 and start adding remaining 1/2 of 2nd stage esters 

to 602 whil e filling (S> 1.5X normal ratP 

R602 full, feed to R603 and continue to fill to R607 

All reactors full and feeding forward; continue run 

change tubing pump. 

Run 1 complete. Shut down for weekend, dump &rinse reactors, 
change tubing pump 
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MATERIALS 



All feed vessels should be drop tested prior to use. One sucrose feed batch is needed each week; 
the soap batches will be be prepared in 001 using a modified clinical procedure: 

1) Make soap in 001 

2) Add 1000# of blended esters to 001 

3) Recirculate thru plate heat exchanger to remove MeOH, set heat exchanger 

discharge temperature to 220**F and jacket temperature to ISO'^F 

4) Add remaining stage I ester blend (1800# for the first week and 2700# the 

second) to 001 to cool mixture when MeOH < 1% 



Sucrose Slurry Feed Batch : 

1 ) Add 600 lb sucrose in the first slurry batch and 800# in the second before 

recirculating thru mill and back into 001 (recycle for 3:45 for batch 1 and 5:00 for 
batch 2). 

2 ) Pull sample from 001 and measure soap and sucrose levels. 

3 ) Feed R600 from 001. 



Prior to starting up R600. pull a vacuum on A) sucrose feed batches before use. and B)second 
stage esters for 20 min. Pull a 4 oz sample of each feed prior to each change in run 
conditions. Moistures should be run on sucrose and second stage ester feed every 8 hours and 
before a new feed batch is brought on stream. Pull and freeze a 4 oz. sample of each ester blend. 
Maintain 001, 008. catalyst feed tank, and the catalyst slurry tank (3243) under N2 
throughout the course of the run. The amount of material, following methanol 
evaporation, is: 



CpmpQnent 


First Batch 


Second 1 


Sucrose 


600 


800 


KOH 


27 


100 


1-1 (soap) 


1 50 


• 550 


Blended Ester 


2900 


3700 




3577 


■ 5150 


Methanol requirements 


600 


1J00 



Two catalyst batches are necessary, prepared in 3243, as outlined in the Semi-Works 
procedures. The batches should be prepared at the start of each week. The amount of material 
is: 



Component 



Wt pgr Batch 



Powdered K2C03 
Blended Ester 



300 
900 
1200 



The following is a breakdown of ester requirements for the entire run: 



Compgngnt Wj 

Stg I - Blend Y 5,640 

M 860 

Stg II- Blend Y 8,250 

M 1,250 

Catalyst - Blend Y 1 .560 

LI ZM 

Total 17.560 
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S. D. Pearson 



For Period Ending 10/1/89 



Three of the key areas of continuous reactor processing that are imoortant 

^r*; . ^f'T*'^ operating temperatures, higher reactor pressures, and sucrose 
utilization, ye are making good progress in all areas. sucrose 



FG REACTION TECHNQLOfiY 



?^ Jf™*^??* ^WrV """J''* denwnstrated that lowering the temperature 

In Stages II and III results in significantly better product color. By 
simultaneously reducing soap levels, which iScreases feactlon ?at«. Sigh 
octaester conversions can be maintained at temperatures as low as ZSOOp 

?S'«0<>^?n'1?L^??5*w^n^n5i5I:^'■"^^I^°^"> nave extended the range down" 
10 zzo p in stage III while producing 87X octaester product. While the final 
product color has yet to be worked up. I an anticipating another SproJemeS? 
Lower processing temperatures also will reduce estSr loises during reactioS. 

ISLE^Jjrfff *lit IW^^ this year around operating pressures clearly 

? I« !«niJ;J.5^;t pressures greater than 5 nr. 

Hg. I am convinced that much higher pressures are possible when we learn how 
to more efficiently strip NeOH from the crude. Experiments performed bl Nel son 
2;iJHSiStJ*r* quantified sparge effects in a lab batch syltSS' a^a serVe of 
iSo is JL5!«lli:*f!^'*5' alternative sparging techniques such as spraying 
n?i!,Jf!« J* underway by Steve Alexander and Junan Kao. I am als2 

fISJIl liJitltioSS! ^" * ^^^^^ ^0 undvstand HeOH 

From our wet milling experience on the pilot plant system, and the many 
Jo^Soir^SJrKl'^:??? ^1^^*^:^^* •^•"y Corrijan. ie kSo; tha the key 

J?rJ2aJd * particle size. Gene Hawkins has 

?hJ? fSJuS^..j2??.^?i*"*/ corundum stone mill head on the 70# system 
JJJJ JfJ l?,?!?'*^^?"^^/***"".*^* particle size. Unfortunately. 

. Vl* '^^II* J '"oush to ensure good utilization at very low soap 
lurlll: ''f^' collected over the last year suggests that I-bar. free 

JiVtlV independently variable, and at low soap levels 

all the sucrose is not esterified even with small particle sizes. 
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Subject: P Qm»' Experimental Test Plan 
This summarizes the run plan for the 70# run scheduled for the weeks of 1/29 and 2/5/90. 
QBylgCTlY^ 

The objectives for this run are to examine the effects of a) sucrose milled using the Fryma 
corundum stone head, b) carbon dioxide sparging, c) high system pressuresj^mm Hg) on all the 
reactors, and d) variation of ester addition levels, A blend of Y esters (Jl^rfS^ §nfLbardstock 
(T3#yo) will be used for both weeks of this run. ^ 

EXPERIMENTAL 

During the week of 1/29, we will examine two milling treatments of sucrose, utilizing different 
gap settings with the new corundum stone head recently purchased from Fryma. Following this 
will be a run using carbon dioxide as a sparging gas in R603-5, The final run of the week will use 
25mm Hg pressure across the reaction train, with the aim of producing material of 75% Octa 
from the last reactor. 

The second week will consist of runs at varying ester levels and temperatures. The current 
mole ratio is about 14:1 ester:sucrose. The three ratios to be investigated will be 12:1, 8.5:1, 
and 10:1, in that order. The final two runs planned will see the ester ratio restored to 14:1, and 
Stage I temperatures of 265F and 255F. 

As outlined above,one sucrose batch will be required for the first week's operation. One full 
slurry batch will be required for the second week, with the possible need JflfcfiJ|niall 
supplementary batch. Soap level for both weeks will be approxmaXely SoQ^i'W^a.l Stage I 
pressure for^he^first two runs of the week of 1/29 will be 15 mm Hg; stage II & III pressure 
will be A^ffim^Hg. Pressures for the final run of that week will be 25mm Hg across all 
reactors. The reactors are to be emptidd at the end of the first week, with no material held for 
startup the following week. ^ 

All the reactors through 607 will be used both weeks. The catalysl injection system will be 
used to add the carbonate as detailed on the Reactor Conditions Checklist. Two reactors (R600 
& R601) are planned for S|ajm L^tage II ester addition will be evenly spliLba^ve^vJRJOl and 
R602 during the week of 4i«&gi^1ffla as directed by PQD cfuring the week ofSs. T^^mplete 
list of experlmenla: conditions for each reactor are shown, in the Experimental Conditions 
Ch&cklisL ■ 

lLi£-^liiCfJ_Ib£t,ihe experimental conditions be closelv monitorfld and ajner^^' \9\/A<^sLJiA 
a. . ; rionjficant deviations from the run pla n through PDD before h-nDlfir n>;^nting 

- 2. - ;ifcicjled analysis schedules will be postp d in the lab SAMPI FS lAU^T ^AKE^^ ^P.O V^ 
5, ,^j:?iyticai' ds.tv. are to be contrc^ - ha rted as ffenfti-^/^::; ore r/^rsor v-iil be re- r< .-isibU' * or 



PnQPQggP TIM^TAPUE 



Cumulative Time ^hr) ' \ Event 

0 R60Q start-up- close flush mounted ball valve on bottom of 

R600 then manually fill with slurry feed until level reaches top 
of agitator; turn agitator on and ensure feed is well mixed 
before opening flush valve and immediately starting up R600 
pump; use two charges from injector Initially; once through 
foaming, fill at reduced rate until level reaches 3" (full vacuum 
and 275**F)being sure that catalyst injection is on as reactor is 
filled, then fill at full rate; once level reaches 8 in adjust R600 
conditions as shown on Checklist 

8 R600 through foaming and full. Run 1(MIII Setting I) feed to 
drum 

9 Feed to R601 and add 1/2 of g nd staoe esters while filling 



1 1 RfiOl full, feed to drum 

1 2 Feed to R602 and start adding remaining 1/P of 2nd staoe 

esters to 602 while filling 

1 4 R602 full, feed to R603 and continue to fill to R607 

22 All reactors full and feeding forward 

37 Run 1 complete. Start Run 2 (Mill Setting II) feed from 

49 Run 2 complete. Start Run 3{C02 Sparge); feed from 026. 

61 Run 3 complete. Start Run 4 (25mm Hg);feed from 026. 

85 Run 4 complete. Empty all reactors for weekend shutdown. 



* * WEEKEND SHUTDOWN 

R600 start-up;close flush mounted ball valve on bottom of R600 
then manually fill with slurry feed until level reaches top of 
agitator; turn agitator on and ensure feed is well mixed before 
opening flush valve and immediately starting up R600 pump; use 
two charges from injector Initially; once through foaming, fill at 
reduced rate until level reaches 3" (full vacuum and 275°F)being 
sure that catalyst injection Is on as reactor is filled, then fill at 
full rate; once level reaches 8 in adjust R600 conditions as 
shown on Checklist 

R600 through foaming and full. Run 1 (12:1) feed to drum 
Feed to R601 and add 2nd stane esters as directed by Pnn 



1 1 R601 full, feed to drum 

1 2 Feed to R602 and add remain ing 2nd stage esters to 602 

1 3 R602 full, feed to R603 and continue to fill to R607 

1 9 All reactors full and feeding forward; continue run 

34 Run 1 complete. Start Run 2 (8.5:1). 

58 Run 2 complete. Start Run 3 (10:1). 

82 Run 3 complete. Start Run 4 (14:1,265F Stage I). 

94 Run 4 complete. Start Run 5 (14:1,255F Stage I). 

Run 5 complete. Empty and rinse reactors, change tubing pump. 
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MATERIAU9 




All feed vessels should be drop tested prior to use. One full sucrose feed batch is needed the first 
week; one full batch with the possibility of an additional smaller one the second. 

The soap batchy will be be prepared in 001 using a modified clinical procedure: 

1 ) Make soap in 001 -i 

2) Add 1000# of blended esters to 001 O 

3) Recirculate thru plate heat exchanger to remove MeOH, set heat exchanger f^O^^Sl-- 

discharge temperature to 220°F and jacket temperature to 150**F 

4) A dd r flmnining I rntnr^lpnH tn nni tr> rnni mivtiirQ whon MqQH ^ 1% 

gucrpse Slurry Feed Batch : ^ ^ ^ ^ > ^ 

1 ) Batch 1: Add 800 lb sucrose to the slurry batch; mill approximately onS^i?ourt h of the 
batch using the corundum stone head (single pass) and pump to 026. This Is the feed 

for Run 1. At the end of this run, reset the mill head gap as directed, and mill anoth er o n e- (LGZ>fc^L^ ^ 
fo u rth for R u n 3 . b^k j$^rx^ oo\ 

2 ) Pull sample from Ott^4^^ and measure soap and sucrose levels. 

3) Feed R600 from j ^r^fLJU^ \ 

4) Set the mill gap as directed by PDD for all subsequent variations. 

Prior to starting up R600, pull a vacuum on A) sucrose feed batches before use, and B)second 
stage esters for 20 min. Pull a 4 oz sample of each feed prior to each change In run 
conditions. Moistures should be run on sucrose and second stage ester feed every 8 hours and 
before a new feed batch is brought on stream. Pull and freeze a 4 oz. sample of each ester 
blend. Maintain 026 and the catalyst slurry tank (3243) under N2 throughout the course of the 
run. The amount of material, following methanol evaporation, is: 

CgmPQngnt ^ach Batch 

Sucrose 800 
KDH • too 

1-1 (soap) 550 
Blended Ester SLZfifl- 

5150 

Methanol requirements 1100 



Two catalyst batches are necessary, prepared in 3243, as outlined In the Semi-Works 
procedures. The batches should be prepared at the start of each week. The amount of material 

is: 



Component Wt per Batch 

Powdered K2C03 300 
Blended Ester 900 

1200 



The following is a breakdown of ester requirements for the entire run: 



Comoonent 


m 


Stg 1 - Blend Y 


5,640 


1-1 


860 


Stg 11- Blend Y 


• 8,250 


1-1 


1,250 


Catalyst - Blend Y 


1,560 


1-1 


240 


Total 


17,560 
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INTERDEPARTMENTAL CORRESPONDENCE 



From: S. D. Pearson Date: March 19.1990 

To: Distribution Retention Limit: 01/1/91 

Subject; P0Q326 Expe rimental Test Plan 

This memo summarizes the run plan for the upcoming 70* run scheduled for the weeks of 
March 26 and April 2. 

OBJECTIVE 

The objective for this run Is to continue DFK experimentation on the TO* system. Straight 185 esters 
will be used for both weeks of this run. The hardstock ester for soap making has been redistilled prior to 
the run In order to reduce Its CO and PV, ..'^ . 

EXPERIMFMTAt 

During the week of 3/26 we will examine three reactor conditions. The first two runs will Involve 
ester:sucrose mole ratios of roughly 9: 1. This will be obtained by reducing stage 11 ester flow to 
R601 to 30«-/hr and eliminating ester feed to R602, In addition to the lower ester.sucrose ratio, the 
second run will use 002 sparging Instead of N2, as In P00205. The final condition for week one will 
be at 60mmHg in stages II & III. A normal esterrsucrose ratio and N2 sparge will be used for run three 
(although the sparge rate will be significantly increased). DFK samples will be taken once we reach 
steady-state and promptly analyzed at SW. 

The second week of experiments starts with a control run at 1 3.5: 1 E:S, 3.0 mmHg. 275'F/265'F , 
and N2 sparge. Following this, our next run will replicate our best condition of the prior week to 
confirm our DFK result. We will undoubted run this condition out for an extended time to collect crude 
to further work up through refining. If time permits we may try one additional condition as a follow- 
up to week one experiments. 

Stage II & 1 1 1 pressures should be monitored throughout the entire two week run with the McCloud gage 
or manometer. Local temperatures will be used for reactor pot control. The corundum mill will be 
u^ on a once through basis to mill from 00 1 to 026; adjusted to a load of 1 7- 1 8amps at 80JS of 
00 1 pump max with back pressure around 50 pslg (start-up in recycle mode for 1 0 min to ensure 
stabilit/ before milling to 026). Catalyst will be made end stored in 50 1 . One soap batch will be 

^^^^^ °^ ^^^^ ^^"^ ^'^'^ ' '"to each of the three sucrose feed batches (« 

550*;. Excess soap should be kept in a tote under N2 with tempered water heating. 

The reactors are to be emptied at the end of the first week, with no material held for startup the 
following week, ■ 

All the reactors through 607 will be used both weeks, fhe'catalyst injection system will be used to add the 
carbonate as detailed on the Reactor Conditions Checklist. Two reactors ( R600 & R60 1 ) are planned for 
Stage . Stage II ester addition will be evenly split between R60 1 & R602. The complete list of 
experimental conditions for each reactor are shown In the Experimental Conditions Checklist. 

I t Is critical that the exnerlmental confltt1nn«t be closeh/ mnnltored and arthBred to: clear all 



1 



slQnlflcant deviations from ths run plan throunh Pf)D first 



2. P$t9lled analysis schedules will bs posted in the lab . SAMPLES MUST BE TAKFN from 
EVERY ESTER BLEND. RECORD ADDITIONS TO THE SMALL CATALYST TANK IN THF I OfiF^ nnt? 

3. Analytical data are to be c ontrol charted as oene'rated: one person will be rasonnsibla for 
this on each shift. 



PROPOSFDTIMFTARIF 

Cumulative Time (hr) Event ^ 

0 R600 start-up: close flush mounted ball valve on bottom of R600 then 

manually fill with slurry feed until level reaches top of agitator; turn 
agitator on and ensure feed Is well mixed before opening flush valve and 
Immediately starting up R600 pump; use two charges from injector 
Initially; once through foaming, fill at reduced rate until level reaches 3" 
(full vacuum and 275*F)being sure that catalyst Injection Is on as 
reactor Is filled, then fill at full rate; once level reaches 81n adjust R600 
condition* as shown on Checklist to Run 1 . feeding from 026. 

8 R600 through foamlngand full, Run I feed to drum 

9 Feed to R60 1 and 2nd stage esters while nilinn 

10 R601 full, feed to drum 

11 Feed to R602 and continue to fill to R607 
25 All reactors full and feeding forward 

44 Run 1 complete, start Run 2 feeding from 026. 

80 Run 2 complete, change tubing pump, start Run 3 feeding from 

026. ' ' 

104 . Run 3 completa Perform shutdown procedures. 



WEEKEND SHUTDOWM 



8 
9 
10 
II 
25 
44 
95 



^600 start-up! close flush-mounted ball valve on bottoip of R600 then 
i)ianually fill with slurry feed untll level reaches top'of agitator; turn 
agitator on and ensure feed is well mixed before opening flush valve and 
/immediately starting up R600 pump; use two charges from Injector 
; Initially; once through foaming, fill at reduced rate until level reaches 3' 
) ( ful I vacuum and 275*F)belng sure that catalyst Injection Is on as 
reactor Is filled, then fill fit full rate; once level reaches 8ln adjust R600 
conditions as shown on Checklist to Run 4. feeding from 026. 
R600 through foamlngand full. Run 1 feed to drum 
Feed to R60 1 and 2nd staoe esters while fllllno 
R601 full, feed to drum 
Feed to R602 and continue to f 1 1 1 to R607 
All reactors full and feeding forward / ' 
Run 4 Complete, start Run 5 feeding frbm 026. 
change tubing pump, shut down as required. 
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MATERIALS 



All feed vessels should be drop tested prior to use. Three sucrose feed batches (at 1 /3 soap 
levels)are needed; one soap batch will be be prepared in 00 1 using a modified clinical procedure: 

1) Makesoap in 001 

2) Add 1 000^ of blended esters to 00 1 

3) Recirculate thru plate heat exchanger to remove MeOH, set heat exchanger 
discharge temperature to 220'F and Jaclcet temperature to 1 50*F 

4) Weigh 550*" to clean drum for use in first sucrose feed batch and store remainder in 
clean tote under N2 with tempered water heating. Weigh 550* from tote for subsequent 
sucrose batches. 



Sucrose Slurry Feed Batch: 

1 ) Add 3370* 185 ester and 800 lb sucrose. Pull sample from 00 1 and measure soap and sucro 

2) Mill as directed by PDD on a once-through basis from 00 1 to 026. Pull sample from 026 and 
measure moisture. 

3) Feed R600 from 026. 



Prior to starting up R600, pull a vacuum on A) sucrose feed batches before use, and B)second 

stage esters for 20 min. Pull a 4 oz sample of each feed prior to each change in run 

conditions. Moistures should be run on sucrose and second stage ester feed every 8 hours and 

before a new feed batch is brought on stream. Pull and freeze a 4 oz. sample of each ester blend. Maintain 

026 and the catalyst slurry tanic ( 3243) under N2 throughout the course of the run. The amount of 

material , following methanol 

evaporation, is: 



Component 


First Batch 


Second Batch 


Third Batch 


Sucrose 


800 


800 


800 


KOH 


100 


100 


100 


i-1 (soap + ester) 


550 


550 


550 


185 Ester 


3350 


.5550 


3350 




4800 


4800 


4800 


Methanol requirements 


1 100 


1100 


1100 



Two catalyst batches are necessary, prepared In 50 1 , as outUned In the Semi-Works 
procedures. The batches should be prepared at the start of each week. The amount of material Is: 
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Compongnt 



Wt per Batch 



. Powdered K2C03 
185 Ester 



300 
900 
1200 
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Tm Distribution 

"^tfeT^'r^Z ThoS'.SS^ o'%rSr.r^ ''as been pursuing ,he 

under ttie current processTg^cSrSS we Sa^l^^^^ "'^ P^st year confirm^ ha^Je^ 
product at a target of 75% oaies!S^ ZU7erfTJ^^^^ '«s than aoOpprS 

have experimental^ identified the effeas of severfTn^c^ " CS. In addition wT 

nSfn?L^f'*'' ^= « ««^ation and ^« rSSn and catalyst tJjjTs 
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IX, PILOT PLANT DPK EXPERIMENTS 
(S.Pearson) 



^ <5I*3Bf system was used to conduct a series of fourteen experiments aimed at 

undef»ttgB|fie effects of various processing variables on DFK formation. Historical data, 
based ^^^W indicates that the continuous system produces lower, more consistent 

levels offlRten the cinical system and that it is relatively insensitive to modest changes in 
temperM, prwsurt . MeOH levels, and reaction rates (see Cinical and Pti Qt Plant npy i ft y ^i ^ ^ 
75% QctMfliQ. This new set of experiments, performed with 185 esters, extends the range of 
conditions explored on the pilot plant to include the effects of ester:sucrose ratio, nitrogen 
sparge rate, high pressure operation in stage II. sparging with carton dioxide, and low 
temperature processing. 

The learnings from these experiments oonfimi some of the DFK trends observed on smaR scale 
systems regarding, for example, ester:sucro8e ratio and temperature, while additionally 
suggesting that the mass transfer effects that can dominate need to be well understood in order 
to ensure meaningful scale-up of lab or pilot plant data. By understanding these effects on the 
pilot plant scale we have been abte to identify promising conditions to further reduce DFK 
formation while overcoming the tracWonal FG reaction rate trade-offs seen on lab systerrv. 

A. Pilot Plant gxt>ftrinv»ntfll 

The DFK experiments summarized below are from pilot plant njns P00205 and P00326. Straight 
185 esters were used for alt oins. as weN as powdered carbonate and corundum miUed sucrose 
Hardstock soap mote ratio to sucrose was 0.26:1 in stage I (1/3 soap), along with a 5:1 
estersucrose ratio. Catalyst levels were maintained in the 02% * 0.6% range for al reactors 
Stage I operating condWons were ISmmHg. 275*F, 700fpm. and a total residence time of 2.5hr. 

Stage II ester addhion was directed to the second reactor in stage I. with any amount in excess of a 
9:1 ratio added to the first reactor in stage II. Unless otherwise noted for an individual mn. the 
stage II operating conditions for the vartous experimental runs were: 26S'*F. 0.2 b/hr N2 sparge. 
3.0 mmHg, 650rpm. and an ester:sucrose mole ratio of 13.5:1. 

B. Results and Discussion 
1. EsterSucrose Ratio. 

The molar ratio of total methyl ester to feed sucrose was varied from the standard condition of 
13.5:1 down to 8.5:1. As the ratio is reduced, the FG reaction slows as shown in the following 
figure. The esterification rates dropped roughly two to three-fold in going from high to low excess 
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esters. For example it took just over 5 hrs of reaction time to reach 75% octaester at a 13 5 1 

22£lL^2lf« .hfr^IT"® T*' * production problem under standard operating 

UaSSS. relatively fixed, suggesting capacity may have to be 

The lon|irT»*Jence times of the pilot plant for the lower ester ratios also caused the methanol 
'*''"J? '° ^ '^"^^ ^ s*"ce the stripping capaa> of the sy^em w« 

SSSS? iTia^ 1 "'^e^t'ations ranged from 5oSS !^5pJ!n over the laS tour 

H«? '?n?J%^ noticeable effect on the FG reaction, the influence on the DFK reaction is less 
clear. In the figure below are plotted the estimated DFK (eOFK) values for finished oroduct 
S2.^!Sf»Sl^;:i'%'2?H"^ measurements by an applopriati corrSion fSSs^on a 
material balance m each reactor.versus octaester level in each of the last seven reactors. The box 



ESTER RATIO EFFECT ON eDFK 




10 20 30 40 50 60 70 80 90 100 

OCTA 



located at 75% octa and I86ppm eDFK represents the operating window as defined from the 
histoncal data on IMF esters: the dimensions of the box are two standard deviations from the mean 



An the eDFK vabes pass through the histortcai box. independent of ester ratio. There was also 
no net lowwtne of DFK attributable to the 185 esters alone, unfke the clinical system which 
show«d a JMradJCtion. Additionally, neither the increase in reaction times from 5hr to 1 6 hr. 
" Of in* fm nrK9» in MeOH levels mentioned above appeared to influence DFK 

? "i^* -'"''* certainly surprising since lab data and kinetic simulation suggested each of 

*J*f*2i'** ' ketones, it seems that the pitot plant system, under these 

standard ooniftions, is operating in a much different mass transfer regime than either of these 
rrxxJeis and is effectively moderating large perturbations of some of the DFK reaction parameters. 

2. High Stage II Pressure. 

Three stage II operating pressures were run: 3.0mmHg. 20.0mmHg. and SO.OmmHg. Sparge 
rates were increased to O.Sto/hr and 2.4lb/hr to compensate for the reduced gas vekxjity at the 
higher pressures in order to reach the desired octa conversion (while the velocities at 20.0mmHg 
and 60.0mmHg were roughly equivalent, the velocity at a.OmmHa with 0.2IVhr N2 was actually 
67% higher ). 
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In me figure below, the percent octaester is ptotted for eadh run. Good FG reaction rates can be 
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seen at all pressures thru SOmmHg, and would dearty be possible at higher pressures with the 
appropdate adjustnwnt in sparge. The relatively faster rate at 3.0mnr^ is due to the higher oas 
velocities as noted above. 

MeOH levels were not substantially different between the three runs, ranging from lOOpom thru 
20ppm in the last 5 reactors. 

The resulting DFK concentrations for each pressure at the various octaester levels is shown 
below. Again, the box represents the Nstortcal data at 75% oda, wt*:h att trajectories pass thru. 
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From this data it seems dear that pressure atone does not affect DFK formation, stripping 
conditions as a whole probabV need to be considered. 
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3. Nitrogen Sparge. 



Two levels 0* nitrogen sparge were tested. 0 Zto/hr and ? A»^r tk^ - 

reac-on « readV seen in the .Ctowing f^?e*^ i^iSSSi' Jete om?f ^^'^ F^or'^ 
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the high ester ratio the FG reaction rate Increased bw aho.^ > 4^^. ... 

sparge rates, while at 9:1 the reacti^ ratrSSSS.lS^.lS?°'.°* ''HJher 



1600 
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SPARGE EFFECT ON DFK - 9:1 




OCTA 



second figure illustrates the eHed at 9:1. At high stripping concfitions there is a markedly (fWerent 
response of the system depending on the esterrsucrose ratio: the 13.5:1 ratio shows just over a 
doubling in DFK values while at 9:1 there in no dlscemaWe effect. 

It seems ikely that this result is due to the ester ratio effect that has been noted in lab reacttons 
but was not apparent in the earfer experiments performed on the continuous system because of 
mass transfer Umitattons. The high sparge rates reduce mass transfer Hnttations enough so that 
mass-action terms such as estersucrose ratio become important. The reduction in MeOH 
concentrations was probably not a contributing factor, since the tonger residence times and 
slower MeOH evolution rates at 9:1 gave tower MeOH levels, partkajlarly at high sparge 
conations, yet the 9:1 dd not produce higher ketones. 7 « *pa ge 

The lack of an increase in DFK at 9:l/high sparge rates, coupled with the quadrupling of the FG 
reaction rate, altows us to break the trade-off in manufacturing capacity that lab scale exDeriments 
suggested were required to control at tow DFK levels. 

4. Caiton Dtoxkje Sparge. 

Four CO2 sparging experiments were pertormed. one at 13.5:1 estersucrose and the others at 
!'Lr**S5 standard 0.2 h/hr for aB except the last run whtoh was set at 

2.4RVhr. CO2 was run from uSra hij^ purtty grade cyinders. 

FG naaonmt and oonverstons were comparable whether CO2 or N2 was the sparge gas. with 
"'^ J^SfSftf sparBe rate experiment where relatively tow octaester levels were 

reached {*W»t. probably due to the impurities in the slightly tower grade CC^ used for this run. 

E^*^ i^tflife** toltowing two figures, the first at 13.5:1 and the second 

at an ^mfim d 9:1. The DFK level is tower than the histortcal data at the standard e:s ratto. 
where only lh« rMdors at 50%. 65% and 80% were CO2 sparge, the rest were N2 sparged. At 
the lower e:s ratto. where all reactors were CO2 sparged, the ketone level is also reduced on 
average. In fad. the DFK concentratkyw average about 25% tower for both ester rattos 
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(- I45p pcn). w hich is reasonable since the ivw should have nearty equivalent iquid phase CO2 
concertiaione that would in turn effect the DFK reaction in a sirrtlar way . 

While COiy Bing does appear to yield tower DFK levels than N2 sparing, more wo»V needs to 
rSSditepIjdirtco^ not only as it effects the FG reaction, but also in 

5. Temperature 

th?^f i''®'.^^'* investioated the effects of lower reaction temperatures in stage 11 of 

^It^i'^^Jl^^^TJ^'^l^"^'^^'''^ significantly slow the reaction and redu^ the 
f^SL^^Sli^^^Ji"^: ^ ««"veratures down to 2S0*F there was no observable DFK 
frWn.^2;il-e . •<..<le»«""natton *«« not possible due to a contamination of the cnjde with 
irace quantrties of seal oil. 
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In this experiment. DFK levels at 225''F and 265»F are eofmared. A hiah nHmnon «narrvi 

f««':«|l*" "««<1. based on the learnings aiov? WitJSJ 1 1 

octaeater as a function o( reaction time tor three runs: 9:1 at low sparge ar?265?!^9fi at 
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high sparge and 265'F. and 9:1 at high sparge and 225»F. Th9 reaction rate increases as the 
sparge is increased then decreases as the temperature is dropped to 225»F The apparent 
activation energy calculated from the above data is 20.6kcal/mol, which agrees weH with orevious 
calculations. The rate at 225»F is quite adequate tor production puipose^ 

The associated DFK values are shown tielow for the two high N2 sparge runs, plus an additional 
run with both high N2 and CO2 sparging. The DFK levels are wefl bebw the histortcai data, and 

TEMPERATURE EFFECTS ON DFK 
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ID I30ppm range when the temperature is at 225*F. The data from the combined 

N2/CO2 nin IS inchjded. even though high octaester was not reached due to CO2 
contamination, to illustrate that the reduced temperature trend is oonsistert. 

These levels of DFK are well below what has been demonstrated by other techniques that reUed 
on simpty slowing down the esterification reaction. In aH those cases the slowdown was to such an 
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extent that production capadty woukJ have been profoundly reduced. Here we have broken th« 
estenflcation rate tradeoff while simuNaneously prbdudng uniQjelylow levete o» OFK 

r Pi'inriiinnift nnnnmmiiiiiiiiiiiiii 

Sfters* °r "'^ continuous pilot plant to explore the effects of excess 

f^mThe^MRtTSSjd?^ pressures, and low temperature operation. The learnings 

ID!,*!'*""' of excess esters present may infbence the DFK levels in product if the reaction 
operating cond.tions are appropriately adjusted. Under standard coSttons therels ^ 

?Hfn'^f^^,T'' ^^'^'^ *" * significantly redu«d rSs transf^rM^ 

me DFK levels can differ by a factor of two or more at 75% octaester. Theri> wa^ JS!!!; 
bfilQw thft hifilnnral iftfiM'^nnm level that r^iiri he annNrfpH a^^ r rZ' Il^^n « ™ " 

This oteervation suggests that lab batch results which show large excess ester effects are 
probably not scaleabie because the experiments were conducted under rruch different and 
uncharactenzed mass transfer Imitations. u w»r "wcn anereni. ana 

2) Thfl Qperatinn pressure in stanw ii h«i nn oworf an opk iau^i. jhis is undoubtedly due in 
this expenment to the relatively constant stripping conditions that were maintained The 
stnppng conditions are restrained on the continuous system because of the finite reactor 
residence times that can be achieved while still maintainng at least 75% octaester product 

Store'£«SC;?y^^^^^ ^^^^"^ "-^'^ ^'^^ 

3) High levete of nitrogen sparge increased DFK levels at high ester ratios, but had no notiMhte 
effflCt on Kftmnftfi at an f^Stt^r mtio of 9-1 thm nnnvpminn. m «n<y. r^..^.j TTSefleSis 
Pk imitations reduced to the point where ester mass-action 
hen becornes a dominant temi. MeOH concentrations are unikely to be the reason since the 
tonger residence times and skjwer MeOH evolution rates at 9:1 gave lower fquid phase 
MeOH values, but also yielded lower DFK. ^ ^ 

ITAlffi!!!?-? oonditkjn atong with low excess esters allows us to 
greatly simplify the FG making process by reducing or eliminating ester recycle, etc without 
increasing ketones above the historical base or compromizing manufacturing capacity'. 

^> Using CQ? as the soaminn nas was effftctivft m rednrirv^ ofk b v rounhiv comoar>^ to 
hlStoncal tiata at 75% Ofitat^^ftr Presutnably. higher iquid phase concentrations achieved by 
raising the pressure would be more effective. The purity of CO2 required, however, needs to 
be defined because one source of uRra high purity CO2 may have caused the FG reactk>n to 
stop - 60%. 

S) i Qfi tflmoggtiira preceiMlnfi viftidad tho inwp^t towoi c r^pyj in combinatton with a 9:1 ester 
ratio and Ngh nitrogefl sparge, a stage ll temperature of 22S»F yielded ketones in the I30ppm 
^ ^^J^J^ octaester. Again, this selectivity effect woukJ probably not be observable if we 
wnremwa operating in a regime of greatly reduced mass transfer resistances. 

^^!?L'!LS22???i5.5?.*' es'«"ficat'on rate trade-off that other processing optksns 
re<^ir» 10 oontrol DFK while simultaneously producing uniquely low levels ol ketones. 

®' f"*^ '^^^^ "'^"«- the Pilot Plant showed no oh^Ao/aNA chanr^ in nPK 

inat fiffl l lrt hft traced to tifUnr \m . unllke the cimcal system where IMF esters react faster and 
give much higher ketone levels. The cifferences in mass transfer between the two systems " 
may be responsible for this behavior. 

Movirig the cinical system toward the k>w temperature, tow excess ester and high sparge 
rates learnings from these experiments shoukJ further reduce ketone formation during norrnal 
production. ^ 
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These experiments have refined our thinking arxJ shown us new opportur^ties for methods to 
cortfol and reduce DFK in product. The importance of charactertang mass transfer Imitations is of 
paramourt importance as we attempt to transfer learnings from lab to pilot scale, and wiU continue 
as we mo«« i^to test market production. 
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Recent pilot plant and lab data indicates that sucrose utilization in stage I 
can influence the final conversion. 



The purpose of the most recent 70#/hr pilot plant run P90327 was to evaluate 
various location options for the sucrose feed nlll In the Test Market system. 
Three experiments were run under standard reaction conditions (IS.O mmHg In 
stage I and 2.0 nmHg In stages II & III) but differed In the way the sucrose 
feed batch was milled. Two batches were milled In a once- through mode, one was 
16% sucrose with soap while the other was 30% sucrose without soap, a third 
batch of 16% sucrose with soap was milled In a recycle mode for approximately 
2.5 turnovers. I expect that the three milling methods gave different particle 
sizes, In a decreasing fashion as listed above. Dave Haltble and Bill Hughes 
are currently doing particle size analysis to verify this. The same esters 
were used for all three batches. 

All three experiments ran well and excellent steady-state data was obtained. 
The way In which the sucrose was milled had a big Impact on stage I sucrose 
levels. The batch that was recycle milled had less than 0.2% sucrose In the 
effluent of R601 while the once-through, 16% sucrose with soap, had exit levels 
of 0.5-0.7%. The larger the particle size the less effectively sucrose was 
utilized. 

The most startling observation was not In stage I, however, but In stage III. 
The final conversions varied from 89X to 95%, with the highest conversions 
coming from the recycle milled batchi It seems clear that unless sucrose is 
effectively used early in the reaction It will continue to enter late resulting 
in lower final octaester conversions in the continuous system. 

On a recent lab batch experiment Nelson Holzschuh filtered the crude to remove 
unreacted sucrose when the sucrose level dropped to 1-2X then recatalyzed and 
continued. The reaction reached 95% octa in 2 hours while an unfiltered 
control run reached 88% octa in four houfs. The reaction rate in stage II & 
III seems to depend on how much residual sucrose remains from stage I. 

The next series of experiments on the 70#/hr pilot plant will be aimed at 
understanding the effects of particle size on conversion. In practice, we may 
simply want to filter the sucrose feed to ensure a minimum particle size while 
recycling the large stuff back to the mill. 
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ftZwC"' i° o<^^<^^^^^r conversions (99X) have been acheived at 
SSmniHg using a packed column reactor and filtration. ^'c.vea ai 



FG REACTION TECHNOLnCY 

r?*" removal, and hence high octaester conversions, in 

either the batch or continuous stirred tank esterifi cation reactors have typicany 
been in the 1.0 nnHg ^ 3.0 nnHg range. Although we have demonstrated that hiqher 
pressures are feasible, this has always meant a significant increase in reaction time 
which can potentially lead to product color problems. In an effort to better 
understand our methanol transport limitations. Gene Hawlcins and I have set up a lab 
packed column reactor in which the esterification reaction can be run (thanks to Ross 
R1 eke for his input and many helpful suggestions and to Bob Gilbert for allowing us 
to modify his fatty acid column). 

The system is configured so that it can handle up to 2 liters of crude, has a 
HrltJl!: ^^^^l^i^ reflux line to introduce the crude back into the top, and can 
be nitrogen sparged from the bottom. The column is packed with three feet of Sulzer 
wire gauze. Temperature is controlled using heating tape on the recirculation line 
Int rlull^?. is primarily controlled through the sparge. For a typical experiment 
the crude is first reacted in a batch reactor through an extended stage I and then 
VMVli *° ^f™*')'® residual sucrose, catalyst, and the bulk of the soap. At this 
point the filtrate is transferred to the packed column where the reflux rate, 
temperature, sparge rate and pressure are set according to the experimental plan. 

To date we have had extremely encouraging results, including: at a column pressure of 
ZSranHg at the top and ASnmHg at the bottom we have reacted to 99% octaester In less 
than two hours. In other words, we have been able to increase the operating pressure 
by at least an order of magnitude through more efficient methanol removal, without 

r!*^*^2? ' *h^"9$ are contributing to these 

remarkable results. First, the packed column is probably supplying a larger surface 
area for mass transfer than we get in the batch or stirred tank reactors. Second. In 
filtering out th« residual solids and soap we dramatically reduce the viscosity of 
the crude which can directly translate into higher methanol mass transfer 
coefficients. 

We are continuing experiments in this area and I expect we will continue to see fast 
reactions at even higher operating pressures. Additionally, with the fast reaction 
rates we have been attaining in the packed column other operating conditions may 
oecome even more feasible, such as very low temperatures or low ester to sucrose 
ratios. 
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STAGE II PACKED HOI lIMM REAHTinM 



environment. 
GENERAL 




runs described below were conducted in the followina manner- 
>taae I react ons wora r<^rri^^ _ . : '"""wmg manner. 



^^^a„ Stage , re^^Fo^s we^^ "^a re^Zt a'^^h ~ 

eiction A lSQn nr»° kTk^"" equilibrium for Stage n 

reaction. A 1500-gram batch was made for the second nm- ihi^ ..i 

wasn't quite enough to aliow for product ?eten«on in the pacW o A 
the rest of the runs were made at 2000-gram ieve^ whkfh selmed 
abo'ut rar2?5;°an':'? ' wasTuTfor 

rrrater" nThl^Tumr;"'"^^" P-""- 





PUMP 



COLUMN AND PACKINfi 

The column was set up as illustrated, utilizing cylindrical stainless 
mesh packing of 1 7/8" diameter. The top segment of the packing 
was 15" in length, the bottom segment 20". Nitrogen sparge was fed 
to the pot as noted. Vacuum level was monitored at both the pot and 
column top during the first two sets of conditions 
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and at the top only during subsequent tests. Both points were 
monitored using a single manometer and switching valve setup; the 
top vacuum reading indicates actual mm Hg pulled by the pump; the 
difference between the two readings is equal to the pressure drop 
across the column. In order to minimize product holdup or backflow 
in the column packing, vacuum in higher pressure runs was 
controlled at specific nitrogen sparge rates by bleeding air in at the 
base of the manometer; the air so admitted went directly to the 
vacuum source, and thus never contacted the reaction mass. Nitrogen 
sparge values in the following table are given as micrometer valve 
settings. > 

' .0 




RUN # DATE Pl,mtn Hg Pb.mm Hg TEMP., F SP/ 

1 1 2/11 /89 15 35 275 0 

2 1 2/1 5/89 2 5 4 5 260-284 : 
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5 1/4/90 100 
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EQUIPMENT LOG 

^ PUMP CONTROLLER AND MOTOR : Cole Parmer 71 44-04, 1 1 5VAC 
-PUMP HEAD : Cole-Parmer 7002-27, Gear type, 756 ml/min. 

. NITROGEN SPARGE FLOW^VE^ Nupro SS-4BMRW, operated at 10 psig head press 
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6. Describe the purpose of the work, give a narrative description of what was done, and indicate the sequence in which each step was 
taken. Cross Reference data entries as appropriate for maximum clarity. For example, if analytical results on coded samples are 
entered In the notebook, enter the notebook and page number where the sample description can be found and provide references to 
procedures or analytical methods used. 

C. Define trade-named materials, acronyms or jargon, the first time they are used. Show the mathematical formula for all calculations 
and a sample calculation If the principle is not obvious. Computer programs used for data analysis should be referenced. 

D. Enter factual results only. These Include data as well as observations. Opinions should not be recorded in the notebook. Comments 
implying failure should be avoided. 

E Make entries on a given subject on consecutive pages where practical. Restrict each page to a single subject or test. When consid- 
erable work on a single subject is to be done, reserve a single notebook for the work whenever practical. 

F. Do not skip pages. When unavoidable, cross through blank page(s) in ink, initial and date. Blank partial pages should also be 
crossed through in ink. initialed and dated. 

G. Do not erase or use correction fluid In notebooks. When corrections are necessary: 

1. Cross out the original entry such that it remains legible; 

2. Enter the correction along with an explanation as to why the correction is necessary; and 

3. Date and initial the correction. 

H. DO NOT USE HIGHLIGHTER. 



ATTACHMENTS 

A. Limit attachments to no more than one item every other page. Use rub-on glue or tape only to make attachments. Place tape or glue 
on at least two entire edges of the item being attached. DO NOT STAPLE attachments in notebook. 

B. Attachments must be placed BETWEEN the DOUBLE LINES on the top and bottom of a page. Sign and date the item across the 
point of attachment. Do not reduce attachment unless the full size original exists in a referenced loose-leaf notebook. The reduction 
must be completely legible. 



C. FOLD-OUT ATTACHMENTS AND OVERLAPPING ATTACHMENTS ARE STRICTLY PROHIBITED. 



SIGNATURES AND DATES 

A. Minimum p atentability standards require each notebook page to have two signatures: The person doing the work and a corroborat- 
ing witness. A corroborating witness must be an unbiased non-inventor who preferably witnessed performance of the work in its 
entirety. The person doing the work must sign and date each notebook page. 

G ood Laboratory Practices (GLP's) require all entries on a page that are made on a date other than the date at the top of the page to 
show the current date and initials of the person making the entry. 

C G ood Manufacturing Practices (GMP's) require production records to be signed by the person doing the work and by an indepen- 
dent observer. Laboratory Control records are required to l>e dated and signed by the person doing the work and by the person 
reviewing the records. 

RESPONSIBILITY 

A. The person to whom this book Is Issued is responsible for returning it to issuing Library as soon as it is no longer in active use. 

B. Incomplete notebooks can be transferred to another person if both parties agree to the transfer and certify the transfer with the Files 
Clerk at the issuing Library. 

C. This notebook must be indexed and have keywords assigned by the user before return to the Library. It must also include explicit 
cross-reference to all other notebooks loose-leaf and hardbound which contain related work. 
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INSTRUCTIONS FOR ENTERINOATMr. IN LABORATORY NOTEBOOKS. * ^' 

LABORATORY NOTEBOOKS ARE LEGAL DOCUMENTS. NOTEBOOKS NOT COMPLYING WITH SPECIFICATIONS MAY BE 
RETURNED FOR CORRECTION. SEE -A GUIDE TO THE USE OF LABORATORY NOTEBOOKS" FOR ADDITIONAL INFORMATION. 

DATA ENTRIES 

A. Enter data into the notebook as the work is being performed. Entries should be made in black ink only. DO NOT USE PENCIL to 
enter data in notebook. Enter the date the work is started at the lop of the page. Enter the title of the work on the top line immed- 
lately following the date. 

B. Describe the purpose of the work, give a narrative description of what was done, and indicate the sequence in which each step was 
taken. Cross Reference data entries as appropriate for maximum clarity. For example, if analytical results on coded samples are 
entered in the notebook, enter the notebook and page number where the sample description can be found and provide references to 
procedures or analytical methods used. h «c .cierences lo 

C. Define trade-named materials, acronyms or jargon, the first time they are used. Show the mathematical formula for all calculations 
and a sample calculation if the principle is not obvious. Computer programs used for data analysis should be referenced. 

D. Enter factual results only. These include data as well as observations. Opinions should not be recorded in the notebook. Comments 
implying failure should be avoided. wwniiHcm* 

E. Make entries on a given subject on consecutive pages where practical. Restrict each page to a single subject or test. When consid- 
erable work on a single subject is to be done, reserve a single notebook for the work whenever practical. 

F. Do not skip pages. When unavoidable, cross through blank page(s) in ink. initial and date. Blank partial pages should also be 
crossed through in ink. initialed and dated. , »v/ 

G. Do not erase or use correction fluid in notebooks. When corrections are necessary: 

1. Cross out the original entry such that it remains legible: 

2. Enter the correction along with an explanation as to why the correction is necessary; and 

3. Date and initial the correction. 

H. DO NOT USE HIGHLIGHTER. 
ATTACHMENTS 

A. Limit attachments to no more than one item every other page. Use rub-on glue or tape only to make attachments. Place tape or olue 
on at least two entire edges of the item being attached. DO NOT STAPLE attachments in notebook. 

B. Attachments must be placed BETWEEN the DOUBLE LINES on the top and bottom of a page. Sign and date the item across the 
point of attachment Do not reduce attachment unless the full size original exists in a referenced loose-leaf notebook The reduction 
must be completely legible. 

C. FOLD-OUT ATTACHMENTS AND OVERLAPPING ATTACHMENTS ARE STRICTLY PROHIBITED. 
SIGNATURES AND DATES 

A. Minimum patentability standards require each notebook page to have two signatures: The person doing the work and a corroborat- 
ing witness. A corroborating witness must be an unbiased non-inventor who preferably witnessed performance of the work in its 
entirety. The person doing the work must sign and date each notebook page. 

^- Good Laboratory Practices (GLP's) require all entries on a page that are made on a date other than the date at the too of the oaoe to 
show the current date and initials of the person making the entry. ^ 

C. Good Manufacturing Practices (GMP'sl require production records to be signed by the person doing the work and by an indepen- 
dent observer. Laboratory Control records are required to be dated and signed by the person doing the work and by the oerson 
reviewing the records. / k 

RESPONSIBILITY 

A The person to whom this book is issued is responsible lor returning it to issuing Library as soon as it is no longer in active use. 

B. Incomplete notebooks can be transferred to another person if both parlies agree to the transfer and certify the transfer with the Files 
Clerk at the issuing Library. 

C. This notebook must be indexed and have keywords assigned by the user before return to the Library. It must also include explicit 
cross-reference to all other notebooks loose-leaf and hardbound which contain related work. 
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LOOSE-LEAF NOTEBOOK 



RANSFERREDTO ' SUBJECT 

DATE 



INSTRUCTIONS FOR ENTERING DATA IN LABORATORY NOTEBOOKS. 

LABORATORY NOTEBOOKS ARE LEGAL DOCUMENTS. NOTEBOOKS NOT COMPLYING WITH SPECIFICATIONS MAY BE 
RETURNED FOR CORRECTION. SEE "A GUIDE TO THE USE OF LABORATORY NOTEBOOKS ' FOR ADDITIONAL INFORMATION. 

DATA ENTRIES 

A. Enter data into the notebook as the work is being performed. Entries should be made in black ink only. DO NOT USE PENCIL to 
enter data in notebook. Enter the date the work is started at the top of the page. Enter the title of the work on the top line immed- 
iately following the date. 

B. Describe the purpose of the work, give a narrative description of what was done, and indicate the sequence in which each step was 
taken. Cross Reference data entries as appropriate for maximum clarity. For example, if analytical results on coded samples are 
entered in the notebook, enter the notebook and page number where the sample description can be found and provide references to 
procedures or analytical methods used. 

C. Define trade-named materials, acronyms or jargon, the first time they are used. Show the mathematical formula for all calculations 
and a sample calculation if the principle is not obvious. Computer programs used for data analysis should be referenced. 

D. Enter factual results only. These include data as well as observations. Opinions should not be recorded in the notebook. Comments 
implying failure should be avoided. 

E. Make entries on a given subject on consecutive pages where practical. Restrict each page to a single subject or test. When consid- 
erable work on a single subject is to be done, reserve a single notebook for the work whenever practical. 

F. Do not skip pages. When unavoidable, cross through blank page(s) in ink, initial and date. Blank partial pages should also be 
crossed through in ink. initialed and dated. 

•G. Do not erase or use correction fluid in notebooks. When corrections are necessary; 
I 1. Cross out the original entry such that it remains legible; 
2. Enter the correction along with an explanation as to why the correction is necessary; and 
3. Date and initial the correction. 

H. DO NOT USE HIGHLIGHTER. 



ATTACHMENTS 

A. Limit attachments to no more than one item every other page. Use rub-on glue or tape only to make attachments. Place tape or glue 
on at least two entire edges of the item being attached. DO NOT STAPLE attachments in notebook. 

B. Attachments must be placed BETWEEN the DOUBLE LINES on the top and bottom of a page. Sign and date the item across the 
point of attachment. Do not reduce attachment unless the full size original exists in a referenced loose-leaf notebook. The reduction 
must be completely legible. 



C. FOLD-OUT ATTACHMENTS AND OVERLAPPING ATTACHMENTS ARE STRICTLY PROHIBITED. 



SIGNATURES AND DATES 

A. Minimum p atentability standards require each notebook page to have two signatures: The person doing the work and a corroborat- 
ing witness. A corroborating witness must be an unbiased non-inventor who preferably witnessed performance of the work in Its 
entirety. The person doing the work must sign and date each notebook page. 

B. G ood Laboratory Practices (GLP's) require all entries on a page that are made on a date other than the date at the top of the page to 
show the current date and initials of the person making the entry. 

C. G ood Manufacturing Practices (OMR's) require production records to be signed by the person doing the work and by an indepen- 
dent observer. Laboratory Control records are required to be dated and signed by the person doing the work and by the person 
reviewing the records. 

RESPONSIBILITY 

A. The person to whom this book is issued is responsible for returning it to issuing Library as soon as It is no longer in active use. 

•B. Incomplete notebooks can be transferred to another person If both parties agree to the transfer and certify the transfer with the Files 
I Clerk at the issuing Library. 

C. This notebook must be indexed and have keywords assigned by the user before return to the Library. It must also include explicit 
cross-reference to all other notebooks loose-leaf and hardbound which contain related work. 
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INSTRUCTIONS FOR ENTERING DATA IN LABORATORY NOTEBOOKS. 

! 

LABORATORY NOTEBOOKS ARE LEGAL DOCUMENTS. NOTEBOOKS NOT COMPLYING WITH SPECIFICATIONS MAY BE 
RETURNED FOR CORRECTION. SEE "A GUIDE TO THE USE OF LABORATORY NOTEBOOKS" FOR ADDITIONAL INFORMATION. 

DATA ENTRIES 

A. Enter data into the notebook as the work is being performed. Entries shoutd l>e made in black ink only. DO NOT USE PENCIL to 
enter data in notebook. Enter the date the work is started at the top of the page. Enter the title of the work on the top line Immed- 
iately following the date. 

B. Descrit>e the purpose of the work, give a narrative description of what was done, and indicate the sequence in which each step was 
taken. Cross Reference data entries as approbriate for maximum clarity. For example, if analytical results on coded samples are 
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INSTRUCTIONS FOR ENTERING DATA IN LABORATORY NOTEBOOKS. 

LABORATORY NOTEBOOKS ARE LEGAL DOCUMENTS. NOTEBOOKS NOT COMPLYING WITH SPECIFICATIONS MAY BE 
RETURNED FOR CORRECTION. SEE "A GUIDE TO THE USE OF LABORATORY NOTEBOOKS" FOR ADDITIONAL INFORMATION. 

DATA ENTRIES 



Enter data into the notebook as the work is being performed. Entries should be made in black ink only. DO NOT USE PENCIL to 
enter data in notebook. Enter the date the work is started at the top of the page. Enter the title of the work on the top line immed- 
iately following the date. 

Describe the purpose of the work, give a narrative description of what was done, and indicate the sequence in which each step was 
taken. Cross Reference data entries as appropriate for maximum clarity. For example, if analytical results on coded samples are 
entered in the notebook, enter the notebook and page number where the sample description can be found and provide references to 
procedures or analytical methods used. 

Define trade-named materials, acronyms or jargon, the first time they are used. Show the mathematical formula for all calculations 
and a sample calculation if the principle is not obvious. Computer programs used for data analysis should be referenced. 

Enter factual results only. These include data as well as observations. Opinions should not be recorded in the notebook. Comments 
implying failure should be avoided. 

Make entries on a given subject on consecutive pages where practical. Restrict each page to a single subject or test. When consid- 
erable work on a single subject is to be done, reserve a single notebook for the work whenever practical. 

Do not skip pages. When unavoidable, cross through blank page(s) in ink. initial and date. Blank partial pages should also be 
crossed through in ink. initialed and dated. ij^f M fj 1 f<i 

Do not erase or use correction fluid in notebooks. When corrections are necessary: l¥rtl\>?lfc-l^ 

1. Cross out the original entry such that it remains legible; TUIC nnr^l lA^I^MT WAC rC»"t« 

2. Enter the correction along with an explanation as to why the correction is necessary: and "'^ UULrUIVICiN I nMo DwCia 

3. Date and initial the correction. . «i ^r-ir>.r-ii «jir-rN 

MICROFILMED. 

H. DO NOT USE HIGHLIGHTER. 

DO NOT ENTER ADlSTnOfSSL 

ATTACHMENTS 

~ DATA. 

A. Limit attachments to no more than one item every other page. Use rub-on glue or tape only to make attachments. Place tape or glue 
on at least two entire edges of the item being attached. DO NOT STAPLE attachments in notebook. 

B. Attachments must be placed BETWEEN the DOUBLE LINES on the top and bottom of a page. Sign and date the itern across the 
point of attachment. Do not reduce attachment unless the full size original exists in a referenced loose-leaf notebook. The reduction 
must be completely legible. 
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C. FOLD-OUT ATTACHMENTS AND OVERLAPPING ATTACHMENTS ARE STRICTLY PROHIBITED. 
SIGNATURES AND DATES 

A, Minimum patentability standards require each notebook page to have two signatures: The person doing the work and a corroborat- 
ing witness. A corroborating witness must be an unbiased non-inventor who preferably witnessed performance of the work in its 
entirety. The person doing the work must sign and date each notebook page. 

^' C3ood Laboratory Practices (GLP-s) require ail entries on a page that are made on a date other than the date at the top of the page to 
show the current date and initials of the person making the entry. 

C. Good Manufacturing Practices (GMPs) require production records to be signed by the person doing the work and by an indepen- 
dent observer. Laboratory Control records are required to be dated and signed by the person doing the work and by the person 
reviewmg the records. 

RESPONSIBILITY 

A. The person to whom this book is issued is responsible for returning it to issuing Library as soon as it is no longer in active use. 

B. •[['complete notebooks can be transferred to another person if both parties agree to the transfer and certify the transfer with the Files 
Clerk at the issumg Library. 

^' JrJ! "^if?!?*" must be indexed and have keywords assigned by the user before return to the Library. It must also include explicit 
cross-reference to all other notebooks toose-leaf and hardbound which contain related work. 
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LABORATORY NOTEBOOKS ARE LEGAL DOCUMENTS. NOTEBOOKS NOT COMPLYING WITH SPECIFICATIONS MAY BE 
RETURNED FOR CORRECTION. SEE "A GUIDE TO THE USE OF LABORATORY NOTEBOOKS** FOR ADDITIONAL INFORMATION. 

DATA ENTRIES 

A. Enter data into the notebook as the work is being performed. Entries should be made in black ink only. DO NOT USE PENCIL to 
enter data in notebook. Enter the date the work is started at the top of the page. Enter the title of the work on the top line immed- 
iately following the date. 

B. Describe the purpose of the work, give a narrative description of what was done, and indicate the sequence in which each step was 
taken. Cross Reference data entries as appropriate for maximum clarity. For example, if analytical results on coded samples are 
entered in the notebook, enter the notebook and page number where the sample description can be found and provide references to 
procedures or analytical methods used. 

C. Define trade-named materials, acronyms or jargon, the first time they are used. Show the mathematical formula for all calculations 
and a sample calculation if the principle is not obvious. Computer programs used for data analysis should be referenced. 

D. Enter factual results only. These include data as well as observations. Opinions should not be recorded in the notebook. Comments 
implying failure should be avoided. 

E. Make entries on a given subject on consecutive p^es where practical. Restrict each page to a single subject or test. When consid- 
erable work on a single subject is to be done, reserve a single notebook for the work whenever practical. 

F. Do not skip pages. When unavoidable, cross through blank page(s) in ink. initial and date. Blank partial pages should also be 
crossed through In ink, initialed and dated. 

G. Do not erase or use correction fluid in notebooks. When corrections are necessary: 

1. Cross out the original entry such that it remains legible: 

2. Enter the correction along with an explanation as to why the correction is necessary: and 

3. Date and initial the correction. 

H. DO NOT USE HIGHLIGHTER. 



ATTACHMENTS 

A. Limit attachments to no more than one item every other page. Use rub-on glue or tape only to make attachments. Place tape or glue 
on at least two entire edges of the item being attached. DO NOT STAPLE attachments in notebook. 

B. Attachments must be placed BETWEEN the DOUBLE LINES on the top and bottom of a page. Sign and date the item across the 
point of attachment. Do not reduce attachment unless the full size original exists in a referenced loose-leaf notebook. The reduction 
must be completely legible. 

C. FOLD-OUT ATTACHMENTS AND OVERLAPPING ATTACHMENTS ARE STRICTLY PROHIBITED. 



SIGNATURES AND DATES 

A. Minimum p atentability standards require each notebook page to have two signatures: The person doing the work and a corroborat- 
ing witness. A corroborating witness must be an unbiased non-inventor who preferably witnessed performance of the work in its 
entirety. The person doing the work must sig.n and date each notebook |>age- 

B. Goo d Laboratory Practices (GLP's) require all entries on a page that are made on a date other than the date at the top of the page to 
show the current date and initials of the person making the entry. * 

C. Good M anufacturing Practices (GMP's) require production records to be signed by the person doing the work end by an indepen- 
dent observer. Laboratory Control records are required to be dated and signed by the person doing the work and by the person 
reviewing the records. 

RESPONSIBILIT Y 

A. The person to whom this book is issued is responsible for returning it to issuing Library as soon as it is no longer in active use. 

B. Incomplete notebooks can be transferred to another person if both parties agree to the transfer and certify the transfer with the Files 
Clerk at the issuing Liorary. 

C. This notebook must be indexed and have keywords assigned by the user before return to the Library. It must also include explicit 
cross-reference to all other notebooks loose-leaf and hardbound which contain related work. 
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We are starting construction of a laboratory- scale continuous reaction system. 



FG REACTION TECHNOLOGY 



We are beginning construction of a laboratory-scale continuous reaction 
system. This system is intended to bridge the gap between the 1-liter batch 
reactors and the larger continuous systems. It will have four major functions. 

1. Fundamental studies of the FG reaction. 

2. Rapid assessment of continuous system parameter changes. 

3. Sample production of unusual products. 

4. Qualification of raw aaterials. 

This system is designed to be operated by a single person, therefore, the two 
key design parameters are safety and ease of operation. This system will also 
be very flexible so that major changes can be made relatively easily and 
inexpensively. 

The first phase of this system will be the construction and operation of a 
Stage 1 reactor. This reactor will have automatic level and pressure control, 
feed and product tanks for extended operation, and manual sampling. Once this 
is operating satisfactorily, one or more additional reactors will be added, 
along with an automatic sampling system. 

This reaction system will be located In the laboratory area of C2B06. It will 
be cooperatively operated and maintained by Drs. J. Kao, and S. D. Pearson, and 
myself. Initial start-up of the Stage 1 system should be In early April. 
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The laboratory continuous FG reaction system has been started up. Once we 
determine the reactor system characteristics, we can begin collecting bench 
scale data on FG continuous reactions. 



FG REACTION TECHMni OfiY 



The laboratory continuous reaction system has been started up. In Its current 
setup, the system consists of a single 3-1 Iter continuous reactor that operates 
as a stage la (equivalent to R600 on the 70 Ib/hr system). The system has all 
of the associated feed systems, automatic level, temperature, and pressure 
controls, and feed and product tanks necessary for a continuous reaction system. 

We have been using feed from the 70 Ib/hr system (P90424) In order to determine 
the reactor operating characteristics. So far, for similar conditions of feed, 
temperature, and pressure, the reactor seems to have about the same time to 
steady state and steady state I -bar as the 70 Ib/hr system. The steady state 
sucrose level seems to be somewhat lower than the 70 Ib/hr system. We are 
performing some extended replicate runs in order to determine the system 
operating characteristics more precisely. 

A key feature of this system is its ability to be operated by one person. A 
trained person can perform start-up, operation, and aH^ytical. The system has 
numerous safety features built-in that allow its extended operation while 
unattended. A preliminary safety review by SWTC Buildings and Services has 
resulted In approval of this concept. With this feature, a single person can 
run the system for days. 

Once the system Is fully characterized, we plan on running a series of studies 
of soap. These will Include various levels of soap, various types of soap (soap 
from IHF esters as well as hardstock), and soap recycling. 

Now that the stage la system is operating, we will also begin the design and 
ordering of equipment for a system expansion to three reactors (Stages la. lb 
and 2a). This will take several months. Eventually, I plan to Install an 
automatic sampling system, so that samples can be collected overnight, while the 
operator is away, as well as during the day. 
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There are more benefits from small sucrose particle size than Just good 
sucrose utilization. Laboratory batch reactions have shown that much less 
soap is needed when small particle sucrose is used. 



FG REACTION TECHNOLOGY 



It was not so long ago when all of our reaction systems (clinical, pilot plant, 
laboratory) used granular sucrose and granular carbonate. Using such large 
particle materials will work, but at a price. The price Is overuse of many (If 
not all) of the other reactants. Take catalyst, for example. He have found, 
In laboratory reactions, that when extremely fine particle sucrose is used (via 
water method of addition), no carbonate Is needed. The residual base In the 
soap Is enough to catalyze the reaction. 

How we have turned our attention toward soap. Ephralm Kelly recently completed 
a matrix experiment to determine how much soap Is needed. In a batch reaction, 
when very fine particle sucrose Is used. Coordinating with Bob Belanger, he 
found that the reaction runs best at about one*th1rd the standard level of 
soap. One of the most surprising results of this study Is that not only Is the 
reaction better at this level of soap, but the color Is much Improved also. 
Hr. Kelly has been able to produce high octaester material with 0.1 red and 0.4 
yellow (centrlfuged, bleached with IX flltrol). 

It must be cautioned that these results are valid only for batch reactions. 
The optimum soap levels for a continuous system will undoubtedly be different. 
However the laboratory continuous reaction system Is nearly completed, and once 
It is operational, we will start looking at the effect of soap level in a 
continuous reactor. 
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The laboratory continuous reaction system will be used to explore particle 
size effects on a continuous FG reaction. It will also be used to 
investigate the effects of ultrasound on the reaction. 



LABORATORY C ONTINUOUS RgACTION SYSTEM 

Although we know that small sucrose particle size leads to better sucrose 
utilization, we still do not really icnow how small is "small enough." This was 
an area of concern during the recent Quality of Process Review. With the 
laboratory CSTR, we are now in a position to start addressing this issue. The 
laboratory CSTR is ideally suited to look at questions like this because it 
mimics the larger continuous systems, but requires only small amounts of 
material to run; 2 kg of sucrose is enough to make feed for several days' run. 
This small amount of sucrose enables us to pass it through a sieve tray stack, 
then measure the fractions in each sieve tray. In this way we can not only 
determine the particle size distribution, but also to purposely alter the 
distribution by screening out the fractions that we don't want. Over the next 
several weeks we will be running reactions using sucrose with progressively 
lower "top ends". This week we will be looking at sucrose that has all the 
particles above 300 microns removed. After that, we will be looking at sucrose 
with 200, 100, and 50 micron top ends. This information will not only allow us 
to operate our laboratory system better (for future studies, such as soap 
reduction), but it will provide information to allow the larger systems to 
optimally mill their sucrose. 

ULTRASOUND AND METHOD OF ADDIITON 

From experiments in laboratory batch reactions, and on the laboratory 
continuous system, we have found that applying ultrasound during the FG 
reaction Improves the rate of sucrose utilization and lowers the final level of 
sucro^. This improved sucrose utilization will often)lead to higher octa 
ester levels than might otherwise be achieved without ultrasound. Kathy Flynn 
has noted that ultrasound is connonly used to form microemulsions, and that our 
increased sucrose utilization with ultrasound may be due to mlcroemulslon 
formation. 

What does this have to do with method of addition? Sucrose ester researchers 
were very inttrtsted in ■Icroemulsions during the 1960's. The "water method of 
addition" and other solvent-based methods of addition (such as methanol) were 
developed in order to produce microemulsions in the reaction mix. He have 
confirmed in the laboratory that the solvent methods of addition result in 
reactions with extremely good sucrose utilization and high final octaester 
levels. However, it may be possible to obtain the benefits of the solvent 
methods of addition using ultrasound Instead, without all of the negative side 
effects of the methods of addition (extreme foaming, potential ester 
hydrolysis, extra equipment). Our next step is to purchase a small ultrasonic 
flow cell that can be installed in the recirculation line of the laboratory 
CSTR. If this succeeds in Improving the sucrose utilization, it should not be 
too difficult to scale this idea up to larger systems. 

PJC/elg/2190 P. Corrigan \ 
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What is the best form of sucrose needed to give good sucrose utilization and high octaester 
level in the F6 reaction? That is what we are trying to find out. 



Sucrose 1$ the backbone of the FG-Base molecule. Not surprisingly, we have found that the 
physical fora of the sucrose Is very important In determining how It reacts. Last year we 
demonstrated* using laboratory batch reactions, that smaller particle sucrose reacts faster, 
with less residual sucrose. Small particle sucrose also makes the reaction more 
robust, and therefore more tolerant of things like process upsets, and poorer quality methyl 
esters. I am now exploring several more areas relating to sucrose particle size reduction, and 
Its relation to the F6 reaction. 

1. We are continuing to investigate sucrose particle size effects on the F6 reaction using the 
laboratory continuous reaction system. He are dry milling the sucrose, then sieving It to 
remove all particles greater than a certain value. This sucrose Is then reacted in the 
laboratory stage 1 CSTR, and then time to steady state, and steady state sucrose and Ibar 
are determined. 

B Our tedious experience with dry milling and sieving has led to some exploration of * 
^ alternative types of milling. A review of the literature, and discussions with vendors has 
revealed fluid energy milling as a promising option. A fluid energy mill has no moving 
parts. The sucrose is fed into a cylindrical chamber along with a high speed stream of 
air. The particles whirl around the chamber, beating each other Into finer and finer 
particles. By varying the flow rate of the air, you can adjust the size particle that is 
ejected from the chamber. Larger particles are held In by centrifugal force; smaller 
particles flow out with the air stream. Fluid energy mills are advertised to be able to 
produce particles In the 1*10 micron range for materials of about the same hardness as 
sucrose. They have the added advantage of producing very little heat during milling, so 
there is less chance of sucrose degradation. I have arranged for a small pilot test of a 
fluid energy mill at Sturtevant, Inc. (Boston HA) this week to see how well this mill 
reduces sucrose particle size. 

3. Last year we showed that spray dried sucrose can produce a very fine particle, amorphous 
material that reacts very well. Based on this work, I have arranged a spray drying pilot 
test this week at Custom Processing (Trenton, NJ). This toll manufacturer has extensive 
spray drying experience, and a BMP production unit. If this test Is successful we will be 
able to determine the optimum conditions for spray drying sucrose. We will also have 
qualified a potential toll processor for larger scale production. 

4. A review of the literature has shown that sucrose manufacturers routinely make a grade of 
sugar called fondant sugar. This type of sugar has a particle size of 20 microns or less, 
and Is used for candy and Icing (the particle size detection limit by the teeth Is 30-40 
microns). Manufacturers add 3-5X starch to fondant sugars In order to prevent caking, 
since they are highly hygroscopic. I am in the process of contacting manufacturers to see 
if they can provide me a sample of fondant sugar, without starch, so I can evaluate it in a 
laboratory reaction. 
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Ue have been running laboratory batch reactions to investigate the role of 
process v ariables on DFK levels. To date, we have found two good leads 



DFK AND MASS TRANSFgP 

Increasing the pressure In stage 2 can significantly lower the DFK level For 
fnoS"^®' labo':atory reaction under a -standard" set of conditions oroduceJ 
1089 ppra DFK at 90% octa (all OFK's mentioned here are OFK's in the crSde) fhis 
standard set of cond tions includes a pressure of about 0.5-1 1 in sUge 2 If this 
^Ji'^iJ^Sni' T"" ^5 r ^" 2 (and no other changes) the DFK drops to 308 

ppm at 90% octa. At 25 mm in stage 2. the DFK drops to 263 at 89% octa We have 

?ldSces";he*OFK.'''"''"' ' ^^"^^'^ - '^duJ^nl-the'aSuation 

We believe that by increasing the pressure or decreasing the agitation, the rate of 

T^uull 'Tilil •"1'^^"'*' ^""5 increasing its ciS«ntra?Jn in 

??rS!nS?* Ji"fS the rate of sucrose ester (SE) formation is proportional to 
1/ SoSh 2 ;J.*J?er*J' ;J beta-keto ester (BKE) formation is Srojortional to 
l/[MeOH] .any rise in the methanol concentration will reduce the rate of BKE 

t?i!;sfl?"oJ*S«tJJnn?^?:'o°'''^^ '"^''Si''*" of sucrose esters. This meanfthat mass 
transfer of methanol is one variable we can manipulate to reduce DFK. 

DFIC AMD gST ER CQNCgWTRATTp»^ 

Jir" V^^^ fl"" °^ formation Is proportional to [ester] 

while the rate of BKE formation is proportional to [ester]S keeping the ester 

!ll ^J'V.^ ^2** dropwise addition) should redSce the rate of 

ThSmJ .iJ^wI^'M^i®*?^ the standard reaction, except 

in this case we added the esters dropwise to stage 2 over a 10 hour period. This 

??* <"'"P*''« this with the standard reaction 
descriiied above). Conceptually, dropwise addition could be simulated in the 
continuous system by a slow continuous addition of the stage 2 esters over several 
reactors. 

lUl^^ SL*?*^^f^°" is doubled (dropwise over 5 hours), the DFK is 770 at 80 

?h;f*f«; ^^^^ standard reaction, but much higher than 

5 m.^ J J° hour addition rate. This shows that the ester concentration in stage 

L!* "^^^ *° '• ^'f'en this is the only variable you are 

manipulating. 

i'llJjJf.^M.J'"^*? manipulating both variables at once both mass transfer and ester 
^ JIm effects cumulative? To test this we ran the reaction at 15 

^?MiCf/«®5 *''nc3**r^r2''®''J ^°Vr* ^^^^ ^«ter addition rate). This reaction 
achieved 75 ppm DFK at 75% octa. This shows that the effects are cumulative. 

Over the next several weeks we will be running more reactions varying pressure, 
75-80 octa ^ addition rate to see what is the lowest DFK we can achieve for 
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^- ^y^°r Patent Counsel 

'Mf ''k.? °? patentability of the development described below bei.ev- 
ed to involve worthwhile novel subject matter: 

••1. What are the advantages of this development or what does it accomplish? 

S?ne5u""|L[;e ;'l;^^f^'^a^?^^f°l^:r^".l^P^> ^^^^ ^'^^ conversion to 

^r,^^s^e^^J^?i^out^;n^l^:lr;fnIftr«?d"];:e^%?5^ff!^^^"""°^ --^^^ 

(Continued on Attacfiment) 
••2. How are these achieved, I.e.. what is the development? 

There are two key steps to this development. 

I!In„S'*tn°^''®'"^ particle sucrose, with all particles less than 
about 50 microns, preferably <10 microns, and mo?e pref"abir<l m?cron 
2) The use of fatty acid lower esters with: 

lllferlU Jo^Oli'" ^"^^ '"""^ P'-^f^'-^bly <0.05% and more 

P?efe?JbirJ5§ lit ''''' P"™' ''''^''^'y PP". -d more 
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Pat. Oiv. to complete 




features embodied in this development and new results obtai 





(Continued on Attachment) 
contributing (a) to the initial idea and (b) to the further investigation of i 



(a) R. G. Schafermeyer 



(b) P. J. Corrigan 



(c) List persons in other divisions with whom this development has been discussed 
who may have background or have done related work. 



6. Chronology of principal events in this development (particularly the conception or 
discovery, the first reduction to practice and any tests resulting in sale of product or ex- 
posure outside the Company), including date, nature, persons involved. 

. Sept. 89 R. G. Schafermeyer suggests to P. J.-tdrrigan that a reduced 



ester to sucrose ratio of 8:1 might be used to reduce DFK 
production in the SPE reaction. P. J. Corrigan designs a series 
of experiments that show that reasonable octaester levels can be 
achieved using 8:1. P. J. Corrigan designs a series of 
^'^S^rl"?"^* to sucrose ratios between 8.0:1 

and 10:1 can also be used, and will give even higher octaester 
yields, of up to 90+X. . 



'. Are future tests or commercial activity planned which could result in exposure of «r>e 
development outside the Company? if so. state the nature and time anticipated. 
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ATTACHMENT 



1. What are the advantages of this development or what does It accomplish? 

However, we have discovered a method of manufacturing SPE with high 
conversion to octaester with as little as a molar ratio as 8:1. At 8 01 
an octaester conversion of about 75% can be obtained. ' ' 



4. What are the new features embodied In this development and new results 
obtained by the practice thereof? 

There are many benefits of using lower amounts of excess fatty acid lower 
esters. 

<■ 

1) The fatty acid lower ester removal from the SPE is greatly simplified 
For example, the lower esters could be removed from the SPE by steam 
stripping, rather than by more expensive evaporation, or solvent 
extraction steps. 

2) The recycle stream of lower esters can be greatly reduced or 
eliminated. Not only does this simplify the process mechanically, but 
It reduces concern about the buildup of undesirable minor components in 
the recycled material. 

3) Using a reduced amount of lower esters will slow the reaction of 
undesirable minor components that can result from reactions of lower 
esters with other esters (such as OFK). 

4) Using less lower esters means that a given size or equipment will have 
higher capacity for SPE than if more lower esters were used. 



6. Chronology of principle events in this development, date, nature, person: 

Feb. 90 P. J. Corrigan designs a series of experiments" that show that i 
lower ester to sucrose ratio (8:1) will produce lower DFK leveU 
in crude SPE than a higher ratio (12:1). 

Feb. 90 S. 0. Pearson and others demonstrate that using a lower ester to 
sucrose ratio (8.5:1) can achieve reasonable octaester levels 
(75%) on the 70 Ib/hr continuous SPE pilot plant. 
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tfe ye designed a screening study to find out the Important FG process 
y/''l»^1es that contribute to DFK formation. Variables to be studied 
Include KOH level, FFA, carbonyl value, catalyst amount and size, sucrose 
size, reaction temperature, pressure and feed preparation. 



DFK Screening Pes Ion 

OFK (Dlfatty Ketone) forms in a parallel reaction competing with F6 
esterification. The formation rate of OFK, however, is only about one one 
thousandth of the F6 reaction rate. Since 1986, OFK level In finished FS has 
Increased from 100-200 ppa to the current 500-1000 ppm level. At the same 
time, we've reduced F6 reaction time from 30 hours down to the current 7 hours 
in clinical batch production. Based on our review of clinical batches and a 
preliminary OFK kinetic study, there is a strong link between F6 reaction rate' 
and DFK formation. A fast FG reaction tends to give a higher level of DFK 
concentration. Probably, some of the changes we made In the past two years to 
enhance the FG reaction have favored DFK formation even more. 

To find out what variables most favor DFK formation, we've designed a screening 
study to look at all the possible process parameters and to understand the 
influence of those parameters on both DFK and FG reactions. The experimental 
results will then be analyzed by Hr. Bob Belanger to identify the statistic 
significance each variable contributes to DFK formation. 

The variables we've Initially included in this design are KOH level in the 
soap, FFA, carbonyl value, catalyst concentration and size, reaction 
temperature, pressure, sucrose size, soap concentration and feed preparation. 
The first variable we'll be looking at is KOH level in the soap which can vary 
from batch to batch. Literature and Or. Letton's lab experience Indicate that 
strong base is needed for OFK formation. KOH Is a stronger base than KoCO, 
and may be a contributor to DFK formation in FG. Since It can vary, we need to 
know its Influence first so that subsequent experiments can be conducted 
properly. 

It is my opinion that several variables contribute to OFK formation in 
different degrees. By conducting this screening design and a subsequent OFK 
kinetic study, the mystery of OFK formation will be resolved. Then, we can 
expect a more robust FG reaction process and product. 

Mr. Jin A. Letton Joined us on 2/6/89. He will work on understanding DFK 
formation chemistry. Please stop by to welcome Jim. 




lunan Kao 
C2A07 SWTC; Ext. 4478 



Keywords: 01 fatty Ketones, Screening Design. 
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Firofell to FG! It has been fun for the past 17 months. 
S PPH PILOT PI L^J 

It has be«n a great aonth for the 5 pph pilot plant systea Mat oniv wa h,«« 

?imMh™iS» d.i.;c°s,ir'^^^^ """" " """™»-» 

Steve and Nelson ran several batch reactions to study the effects of 
?Sf If!!lJ J2I "^*''09«" sparge design and filtration on the FG reaction. 
Jhlriit^Ji^Mthrsml:/*'''"'^ ""^^"^ -^^^"9 

1) Recirculation rate - a fast recirculation rate gives a consistent F6 
reaction and reaches high octa. The fast recirculation helps the 
mixing of the reaction crude and enhances the Methanol rewval. 

2) Nitrogen sparge design - a fine, sparge dispenser installed at the 
bottoa of reactor gives a very fine nitrogen bubbles. The fine bubbles 
enhance the mass transfer. and the removal of methanol that push the 
reaction to completion. 

^U!®*" ''««»ves soap, unreacted and burned sucrose, and 
carbonate solids. These removal dramatically enhances FG reactions. 
All three reactions we have done that filtered at different I-bars 
reached lOOX octa In two hours after filtration. 

LK!l4*r5*?Jl*^**''r*'^*i ^y**"" consistently produce high octa 

S irif .l:'2L!^*t^ ■'^.SE*rj*MI* ^l^* operating conditions. A list 

of data and coaparlson with the 70 pph systea run P90213 Is shown as follows: 

_-8m »?W Lml Temp, 0£_ P nwHo X octa Color 

fJVjil , } 275 1 88 1.0R/4.2Y 

!2}S2i } 1 89 0.8R/3.2Y 

!!}2!!i ; 265 1 87 1.3R/4.9Y 

SJS?!*? 265 3 82 1.3R/4.9Y 

|JiS;;-J 1/3 265 1 85 2.9R/13Y 

PS0213 1 275 2 90 - 

Producing high octa material Is the first step for the 5 pph system becoming 
the focus of FG continuous reaction technology development. Next step for the 
5 pph system Is to Implement new technology development update and to fulfil FS 
development goals. 

'This report also ends my assignment with olestra process development. I am 
looking forward to working on new surfactant development. I would like to take 
this opportunity to thank everyone. It has been fun working with all of you 
for the past 17 months. . ,7 
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KOH in soap may be a hidden catalyst In many FG-Base reactions. A dua1_ 
hydroxide-carbonate catalyst system may explain some of the variations seen 
between reactions. 



HIDDEN CATALYST 

While reviewing past clinical batch records looking for leads to explain 
differences In difatty ketone levels, Ju-Nan Kao noted that KOH levels In soap 
vary slightly from batch to batch. Since KOH Is a stronger base than our 
catalyst KjCOj, It may contribute to the variations In OFK level that we 
see In Building 96 production. He plans to follow-up this observation with lab 
experiments. 

Upon further reflection, It occurred to ne that KOH may be a hidden catalyst 
for the FG-Base reaction. Current specs for clinical batches call for less 
than 0.9% KOH In the soap. Most batches of soap have between 0.7 and 0.85% 
KOH. Since soap Is used at the 10% level In stage one, only about 0.08% KOH Is* 
added. This might not seem like much, but It Increases the total moles of 
catalyst (defined as KOH and K2CO3} by 34%. 

For continuous pilot plant reactions, the KOH level In soap Is even lower, 
about 0.2%. On a molar basis, total catalyst Increases by only 9%. This lower 
level of KOH may partly explain the tendency for continuous reactions to run 
slower than clinical batches. 

Another difference between continuous and clinical batch reactions is the 
start-oip methods. In clinical batches, both the KOH-^nd the K2CO3 see 
methanol. John Howie has shown that methanol reduces carbonate particle size; 
my guess Is that It would have the same effect on KOH. In continuous reactions, 
only the KOH sees methanol. As a result, the KOH may be present as finer 
particles than the K9CO3. Pat Corrlgan has shown that particle size is a 
more Important measure of catalyst activity than the weight of catalyst added. 
This could make KOH the prime catalyst, even though on a molar basis it is 
present at only 1/lOth the carbonate level. 

Greater exploration of this area is planned. Defining a narrower spec for KOH 
In soap may be an appropriate next step. The particle size methods being 
developed by Dave Maltble and Bill Hughes will be critical for explaining the 
effect of KOH and surface area on reactivity. Our efforts to better understand 
the chemistry of the FG-6ase reaction continues to pay dividends. 




R. G. Schafermeyer 
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Key Words: KgCOj, catalyst, KOH, method of addition, particle size, soap 
making 
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Our understanding of di fatty ketone formation is increasing. 



DFK KINETICS 

A project to minimize difatty ketone (DFK) formation during the FS reaction is underway. 
Dr. Ju-Nan Kao is spear-heading the effort with his program to measure the kinetics of 
DFK formation during the FG reaction. Dr. Jim Letton is compleMnting this work by 
measuring the kinetics of DFK formation in methyl esters alone (a follow-up to his DFK 
sample preparation effort). 

Our current approach is to consider DFK formation a parallel and competitive reaction to 
FG esterification. This means that the absolute rate of DFK formation is not as 
important as the relative rates between esterification and ester condensation. Process 
changes that affect both reactions equally will not reduce the total amount of DFK at the 
end of the reaction. Instead, we .must learn to control the DFK reaction Independently of 
the FG reaction. 

Although we are in the early stages of data collection, we have already 
made some important learnings: 

1. Host of the DFK forms in the second stage of the reaction. In stage 1, DFK forms at 
an average rate of about 7-100 ppm per hour. In stage 2. it forms at an average rate 
of about 27-450 ppm per hour, or about four times faster. This makes sense since the 
catalyst and methyl ester levels in stage 2 are each about twice as high a$y^in 
stage 1. These rate differences result In about 10-150 ppa of DFK at the 'end of 
stage 1 and about 200-2000 ppm at the end of stage 2. Keep In mind that stage 2 Is 
2-4 times longer than stage 1. 

2. For a given run, DFK forms at a constant rate In stage 2. Plots of DFK versus time 
fit a straight line. This Is true for lab, clinical batch, and continuous 
reactions. This suggests that DFK formation is not limited by ester and catalyst 
concentrations, which are always high relative to the aaount of DFK that forms. 

3. The rate of DFK formation varies from run to run. The highest levels are formed in a 
fast lab reaction using powdered sucrose and catalyst; the lowest levels were formed 
In a slow continuous reactor run. This suggests that process conditions that favor 
esterification also favor DFK formation, 

4. The longer it takes to achieve a given octa, the lower the DFK level. This behavior 
was first identified by Ju-Nan as he reviewed clinical batch data. Bob Belanger 
mathematically confirmed that longer stage 2 reaction times lead to lower DFK 
levels. A review of recent lab, clinical batch, and continuous reactor data indicate 
similar behavior. This implies that whatever slows the esterification reaction slows 
the DFK reaction even more. 

Understanding the kinetics of DFK formation Is the critical first step in reducing levels 
in the finished product. I believe we are off to a good start. 
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Lab and clinical batch samples of FG with low di fatty ketone levels have 
been produced. Consistently controlling DFK to low levels requires greater 
understanding of the fundamental chemistry. 



PIFATTY KETONE 

In late 1987, ORC levels In finished FG Increased from the 100-200 ppm range 
Into the 300-600 ppai range. This higher level of DFK has persisted, with the 
last nine nonths of 185/18 production at Building 96 averaging 550 ppm* The 
Increase In DFK seems to correlate with the faster reactions and higher 
conversions that result from the use of stable, high quality feedstocks such as 
185/18. 

Even though some recent lots of 185/18 have DFK levels as' high as 1000 ppm, 
others have DFK as low as 220-300 ppm. These latter lots meet our target of 
less than 300 ppm DFK at greater than 70X octa: 

185/18 Lot Octa DFK (Finished FG) 

Tsmi — "Tsr m ppm 

C90131 81 243 

C90111 88 303 

In addition, Ju-Nan Kao and Jim Letton, Jr. have produced a lab sample with an 
octa of 79X and only 70 ppm DFK by using a lower stage two temperature. These 
lab and clinical batch samples demonstrate that high octa/low DFK FG is 
technically feasible. 

^The^ overriding pattern seen In samples with high oCti/low DFK Is slower stage 
two reactions. The reaction can be slowed by changing process conditions such 
as temperature or pres.sure or by using less ester or catalyst. The difficulty 
with such an approach Is that slow FG reactions frequently hit a wall at 70-80% 
octa, well below our current product target of 90X octa. Slow reactions also 
appear more sensitive and less reproducible. We believe this Is related to the 
formation of thG "true" catalyst from the added catalyst potassium carbonate. 
John Howie has som Intriguing data showing that minuscule amounts of multiple 
strong bases can be formed In the FG reaction. Termination of these bases at 
the end of the reaction may lead to DFK. 

Effective July 1, Ju-Nan Kao Is moving to a new assignment on the 5 pph 
continuous reaction system. Jim Letton, Jr. will continue to probe DFK 
formation, along with John Howie and Larry Noertker who are trying to 
understand the underlying catalyst system of the FG reaction. The empirical 
approach used the past six months has uncovered some promising leads, but an 
understanding of the fundamental chemistry Is needed so that we can 
purposefully control DFK formation. That Is our focus for the coming months. 
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The key to reducing DFK formation is to understand its chemistry. The 
chemicil puzzle is being pieced together by Drs. Howie, Letton, and Flynn. 



PTFATTY KETONE CHEMISTRY ^ , ^ , ♦44* , 

The d1 fatty ketone (DFK) precursor most likely present In reaction nlxtures Is 
beta-keto ester (BKE). BKE forms by the classic Clalsen condensation of two 
esters In the presence of a strong base. The reaction occurs when a base such 
as methoxide first abstracts a hydrogen atom from the alpha carbon on a methyl 
ester, forming methyl ester anion (KEA) and methanol. HEA then attacks another 
methyl ester at the carboxyllc carbon, forming BKE and regenerating methoxide 
Ion. Because the BKE still contains a hydrogen atom on the alpha carbon. It Is 
very acidic and reacts with the regenerated methoxide releasing methanol and 
consuming one equivalent of base. This explains Dr. Letton's observation that 
stoichiometric amounts of base are needed to generate DFK samples for animal 
studies. 

Other condensations can also occur. Any aldehyde, ketone, or ester having a 
free alpha hydrogen can Initiate the reaction. Perhaps this explains why 
reactions with high carbonyl contents "hit a wall" near the end of the FB 
reaction. The more polar aldehydes are attracted to the catalyst surface where 
they then condense with other aldehydes or esters. In the process consuming 
base and stopping the reaction. 

The consumption of base also supports the termination theory of DFK formation. 
As the esterlfl cation reaction nears the end, there are very few free OH groups 
available. When the still active base can't find an OH group. It attacks an 
ester, forming acidic BKE which neutralizes the baseband prevents further F6 or 
BKE reaction. This could also explain why fast reactions form more DFK. A 
fast reaction Is fast because more active base has been formed. This greater 
amount of base eventually terminates Into a larger amount of BKE. 

All of the condensation reactions are equilibrium reactions that are not 
thermodynamlcally favored. They require a driving force to occur to any 
extent. Unfortunately, the conditions required to force the esteriflcatlon 
reaction to high octa (low methanol concentrations created by low vacuum) are 
exactly the ones that favor ester condensation. 

Fortunately, the activation energies of esteriflcatlon versus condensation 
appear different, as shown by Or. Kao's observation that lower stage two 
temperatures help reduce DFK formation. There may be a temperature at which 
esteriflcatlon will proceed but condensation will not. Ve know that in 
base-catalyzed triglyceride rearrangements, DFK formation appears to be 
suppressed at 55C. Can high octa F6 be made at the end of the reaction at this 
temperature without BKE formation? Although the esteriflcatlon reaction will 
be slow, it may be possible to manipulate the type and concentration of 
catalyst to regain lost rate. 
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Our objective Is to produce F6-Base with less than 300 ppn OFK. We are pursuing four 
approaches to achieve this objective. A brief description and status report for each 
approach Is given. 



DIFATTY ICETOWE CQMIROL 

Low Octa Specification. Our data clearly Indicate that OFK can be kept below 300 pptn If 
octa is kept below 80Xi In practical terms, octa must be kept below 7SX to acconnodate 
analytical and process control variations. The product impact of lower octa Is being 
assessed by Hr. Zinnerman in OPO. The process Impact is favorable in that the reaction 
rate can remain about normal and higher throughput for a given reactor volume can be 
achieved. 

Reaction Variables. Our data indicate that a lower stage two temperature (lOO'C 
versus the normal reaction temperature of 135*C) allows us to achieve higher octa 
(82-84%) while still keeping DFK below 300 ppm. The process Impact is unfavorable 
because the reaction is very slow (requiring additional reactor volume) and because the 
reaction becomes erratic (tending to hit an octa wall). Even lower temperatures (I.e., 
60-80C) have been tested but aren't useful because both the DFK and octa reactions stop. 
We continue to pursue reduced temperature as a means to control DFK formation. 

Continuous reactor data Indicate that reduced soap may also lead to lower DFK. This 
probably occurs from the reduced level of base being added to the reaction. We plan to 
test residual base and DFK precursor formation In soap making. 

Reversion. Several Ideas are being explored. One idea was to use low temperature, 
methaaqj, and methoxide catalyst to revert DFK to methyl jesters. Unfortunately. FG-Base 
reverts faster than DFK. A second idea involves the use of dialkyi carbonate to react 
with methyl ester anion (DFK precursor) to form a molecule that reverts to methyl ester 
upon soap removal. Initial results are encouraging but long term value is uncertain 
because we would be introducing a new reaction into F6-Base synthesis and this could have 
an Impact on regulatory approval. 

Removal . Attempts to remove OFK after the reaction by evaporation, adsorption, or 
extraction have had little effect. Identification of a selective adsorbent for DFK would 
be great but we have not Identified any leads. Conversion of DFK to an alcohol by 
reaction with sodium borohydride. followed by adsorption of the alcohol onto silica gel. 
has been suggested by Dr. Flynn. We plan to test this idea even though long term value 
Is uncertain because of the introduction of a new reaction into F6-Base synthesis. 

Our guiding principle in pursuing DFK reduction is to understand the fundamental 
chemistry of both the DFK and F6 reactions. In addition to testing the leads described 
above. Dr. Howie plans to measure the kinetics of the reaction. By knowing the 
activation energies, kinetic constants, and controlling concentration terms, we will be 
better able to identify the best reaction conditions to control DFK formation. 
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FRU R. B. Aylor CKTC j^iy 3^ jggg 

TO D. J. Bruno RETEHnON UMTT 7/1/91 

SUBJECT Examples for Process An pllcatlan ATHNTrON 

Attached is a draft application for the F6-Base process. It is in "near 
final condition except for one or more examples of the continuous process 
As soon as I receive the examples, and the next round of comments, I will try 
to put the case in condition for one final review before preparing the final 
version. I understand that there is some delay in obtaining the draft 
examples. If the delay continues, I will have to proceed to work on other 
applications that also require priority consideration. Mould you please let 
me know when the examples will be ready? 



R. B. Aylor 
Patent Counsel 



cc: S. J. Goldstein 

R. L. Hemingway 

E. W. Guttag 

P. J. Corrigan 



CONFIDENTIAL - Not to be 
Copied or Quoted Without 
Permission of Originator 

PATENT DIVISION CORRESPONDENCE 

FKM R. B. Aylor july jg^ jggg 
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SUBJECT Draft Patent Application for ATTEMrrnM 

PR's 6644. 71 02. 7788. and 70flft ^^r^i±^ 



Attached are five copies of the latest draft of the subject application for review 
nrt^r^r^'' ^-^r? 5i"««d. we should consider whether there are additioJ^T 
preferred areas within the scope of the generic disclosure that should be disclosed 
especially preferred combinations of improvements. Also, we agreed that you and the 
other technical experts will provide examples that reflect ourV preferred limits and 
examples that represent our best mode of practicing the invention. 

As we also discussed, we need to decide whether to claim polyol polyesters with low 
levels of. e.g.. difatty ketones, in this application. This decision will be ba ed 
upon the potential strength and value of such claims. You have agreed to try ?o 
J^!™ thl""'^'^ ^^^^ will distinguish the products prepared with our best processes 
from the products made by prior art processes. E.g.. the product will be def nid 
either as a "product by process" limited to compositions made using lower a kSl 
VrlllU °' ^° P'^^^'U ^^'^ ""^'^i' of materials that are ^unique to thl 

V.IJ^ Pf-ocesses The process of the present application produces desirably low 
levels of such materials. We will either redefine the processes of this apDlicat Sn 
cUl%\"LZ^-f''^ ^"'^ 'IV'''' compositions in this application o? 

al tMs !ppl??atiJn application, preferably one filed at the same time 

We also discussed whether we should add a disclosure of additional clean-up steps 
If the steps are part of the "best mode." they will have to be disclosed in sSJ; 
way, even if only by exemplification. This, in^ turn, may compllcaJl the fi ing Sf 
tJat'^'r^f rnSi??! iH'Provements are disclosed and claimed in appli tioJs 

tnat are filed promptly, preferably at the same time as this application. 

iJrf^i'IIJ'rJ^Anl^S*^''^^*^^'®" ^^^^^ ^° reviewed for completeness of the disclosure 
leSels of imnurit^°.t'^'!l' T}%%^'°u\ P'-otection of compositions containing ow 
levels of impurities like difatty ketones and the product purification imorovements 
HoJt^' coordinated with this application to avoid prejudicing thrciverlSe o^tho e 

delated al«/!ni ^J^^T^^'^l ^""".^^ ^^'^^"9^ ^^'^ protection of thesl 

related areas will have to be balanced against other needs in this area and the 

iZll'^^^ sources. By a copy of this communication I am soliJ?ting input from nr 
Hemingway and Mr Guttag on their plans for handling the coverage of pSlyolpolI: 
esters with low levels of impurities and/or the clean-up improvements 

AJt'achments '^''^ 



cc: R. L. Hemingway/E. W. Guttag 
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0 Process for the syntliesis of polyol fatty-acid esters. 



0 The present invention pertains to a process for the syntiiesis of polyol fatty-acid esters by reacting a polyol 
and a fatty-acid lower-alkyi ester under substantially solvent-free conditions in the presence of a tran- 
sesterification catalyst and an emulsifier. The process comprises a continuous initial reaction stage in a first 
reaction zone wherein a steady-state conversion is achieved of over 1 % and a further reaction stage in which 
the reaction mixture from said first zone is further reacted to the required polyol fatty-acid esters in one or more 
subsequent reaction zones. 
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PROCESS FOR THE SYNTHESIS OF POLYOL FATTY-AaO ESTERS 



The present invention relates to a process for the synthesis of polyol fatty-acid esters by reacting a 
potyol and a fatty-add lower-altcyl ester under sut>stantiaJ!y sofvent-free conditions in the presence of a 
transesterification catalyst and an emutsifier. Although applicable to the synthesis of the general group of 
polyol fatty-add esters, the invention is particularly directed to the synthesis of polyol fatty-acid polyesters. 

5 In tfiis specification the term *polyol* is intended to include any aliphatic or aromatic compound which 
comprises at least four firee hydroxyl groups. In particular such polyoJs include the group of sugar poiyois, 
which comprise the sugars, l.e. the mono-, di- and polysacdiarides, the corresponding sugar alcohols and 
the derivatives thereof having at least four free hydroxyl groups. Examples of sugar polyols indude glucose, 
mannose. galactose, xylose, fructose, sorlsose, tagatose. ribulose, xylulose. lactose, maltose, raffinose, 

70 cellobiose. sucrose, erythritol, mannitol, lactitol, sorbitol, xylttol and a-metiiyiglucoside. A generally used 
sugar polyol Is sucrose. 

In this specification the term "polyol fatty-add ester" is intended to include both the group of polyol 

fatty-acid oligoesters, in particular the mono-, di- and trifatty-add esters, and the group of polyol fatty-acid 

polyesters, i.e. the tetra- up to ttie fully fatty-acid esterified polyols. 
75 In this specification the percentage of polyol hydroxyl groups of the original polyol that on an average 

have been esterified witti fatty acids, is referred to as the degree of polyol conversion, a degree of polyol 

conversion of 100 % corresponding to the fully esterified polyol. 

In this specification tiie temn "fatty add* refers to C8-C24 fatty acids which may be saturated or 

unsaturated, and may have straight or branched alkyl chains. 
20 The polyol fatty-^d oligoesters are well-known for their suitability as emulsifying agents in foodstuffs 

and detergents, and as drying oils in paint and varnish. 

The polyol fatty-actd polyesters are known to be suitable low-calorie fat-replacers in edible products. 

Sut>stantially indigestible for human beings they have physical and organoleptic properties very similar to 

triglyceride dls and fats conventionally used In edible products. Polyol fatty-add polyesters are further 
25 reported to have use as pharmaceutical agents in view of their ability to take up fat-soluble substances. 

such as in particular cholesterol, in the gastro-intestinal tract and subsequentiy remove tiiese substances 

from the human body. 

Processes for the syrrthesis of polyol fatty-add esters using transesterification reactions in substantially 
solvent-free systems are well known. Examples of such processes are described e.g. in US Pat Nos 

30 3.963.699, 4,517,360, 4,518,772 and European Pat. Nos 0 256 585. 0 254 376 and 0 301 634. 

One of the main problems in prior art syntheses of polyol fatty-acid esters is caused by the 
heterogeneous nature of the reactant mixture at the start of the transesterification reaction. The considerable 
differences in polarity between the various reactants may cause partial or full de-mixing of the reactant 
mixture, which is very undesirable in general, but prohibitive to processes on a technical scale. 

35 To reduce the problem of de-mixing of the reactants and to have the full amounts of reactants 
partidpate in the transesterification reaction in most cases an emulslfier is required to get a macroscopically 
homogeneous starting mixture. To this purpose particulariy soap emulsrfiers are used. 

However, in conventional esterification processes on a technical scale the use of soap is frequentiy 
accompanied by viscosity problems which depending on tfie specific soap used may occur at introduction 

40 of tiie soap or the fatty adds used to produce the soap, into the reaction mixture as also at the final stages 
of the esterification reaction. i.e. at high degrees of conversion. 

It is now an object of tt^e present invention to provide an improved process for the synthesis of polyol 
fatty-acid esters, particulariy wrtii respect to avoiding initial viscosity and/or de-mixing problems, which is 
applicable on a technical scale. 

45 It has now been found tfiat the above problems which particulariy occur in the very initial stage of tiie 
reaction at very low degrees of polyol conversion, can be substantially overcome by carrying out the first 
part of the transesterification reaction in a continuous manner. Instead of batch-wise starting each 
esterification process from a mix of unconvert^ polyol and fatty-add lower-alkyl ester, the initial part of the 
reaction is carried out in a continuous manner by achieving, in a first reaction zone, a steady-state polyol 

50 conversion of over about 1% and mass-balandng under suitable reaction conditions one or more in-going 
reactant streams of polyol and fatty-add lower-alkyl ester and out-gdng product streams of reaction mixture 
comprising partially converted polyol, and of lower-alkyl alcohol formed in the initial conversion. In this first 
zone, on an average, the polyol conversion is progressed to beyond the point where de-mixing and high 
viscosities occur, the steady-state reaction mfocture in said first zone being capable of homogenizing and 
solutMlizing said in-going streams of reactants. 
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tt has further been found that by carrying out at least the initial part of the transesterification in a 
continuous manner, once the process has been started and is in steady-state only relatively low amounts of 
emulsrfier are needed. The viscosity problems during the final stages of tiie transesterification reaction and 
the associated problem of refining the polyol (poly)ester product are therefore also avoided or significantly 
5 reduced. 

Accordingly, the invention provides a process for the synthesis of polyol fatty*acid esters by reacting a 
polyol and a fatty-add lower-alicyl ester under substantially solvent-free conditions in the presence of a 
transesterification cataiyst and an emulsrfier. said process comprising 

an Initial reaction stage (a) which is carried out in a first reaction zone under such conditions that the 
70 reaction mixture in said first zone is in steady-state with mass-balanced one or more in-going reactant 

streams into said first zone and out-going product streams from said first zone, said one or more in-going 

reactant streams comprising polyol and fatty-add lower-aikyi ester, and said out-going product streams 

comprising reaction mixture having a polyol conversion of 1 % or more and lower-altcyl alcohol formed 

during the initial stage of the synthesis, and 
rs a subsequent reaction stage (b) in which the reaction mixture from said first zone, optionally after combining 

with any remaining part of reactants, is furtiier reacted to said polyol fatty-add esters in one or more 

subsequent reaction zones. 

This first reaction zone may be a reaction vessel fully separate from one or more further reaction 

vessels, but it may also be part of multi-zone continuous esterification equipment Such mufti-zone 
20 continuous esterification equipment may consist of a serial sequence of separate reaction vessels as also of 

e.g. a multi-tray column reactor with cross-flow or counter-current stripping equipment or a combination 

thereof. 

The reactants which are fed to the first reaction zone on a continuous basis and in mass balance with 
tfie out-going product streams from this first zone, are a polyol and a fatty-add lower-alkyi ester. The polyol 

25 and tiie fatty-add lower-alkyi ester may be introduced into the first reaction zone as separate streams, but 
are generally and preferably combined in a single in-gdng stream. 

Under steady-state conditions tiie one or more in-going reactant streams of polyol and fatty-acid lower- 
altcyl ester should be in mass balance with the out-gdng product streams of the reaction mixture comprising 
the partially converted polyol. and of lower-alkyi alcohol formed during the initial reaction stage. In the first 

30 reaction zone steady-state polyol conversions should be achieved of over 1 %, and in general suitable 
conversions lie within tiie range of from 2 to 60 %, in particular, 3 to 50 %. Polyol conversions of over 60 % 
in the first reaction zone in general can^ a prohibitive cost penalty. Preferred steady-state polyol 
conversions lie within the range of from 10 to 40 % and conversions of wititin tiie range of 15 to 30 or even 
to 25 % have been found to give best results. 

55 The polyol can be any of those as defined hereinbefore, or a mixture tiiereof. Prefen-ed polyol starting 
materials are the sugar polyols. and in particular sucrose. 

Suitable fatty-add lower-alkylesters are fatty-acid esters of the group of lower alcohols including mono-, 
di- and triols. In particular, the ester is derived from the Ci-Cs mono-alcohols, preferably methanol. The 
fatty-acid residues can t>e any of those as defined hereint>efore. the selection of which is dependent of the 

40 specific polyol fatty-acid esters desired. 

The amount of fatty-acid lower-alkylester is dependent on the desired degree of conversion. In general 
excess amounts of fatty-acid lower-afkylester are used. More particulariy. when fully converted sucrose 
polyesters are aimed at good results are obtained when a molar ratio of fatty-acid lower-alkylester : sucrose 
is used within the range of from 10:1 to 20:1. and preferably of from 10.5:1 to 18:1. or even from 10.5:1 to 

45 14:1. 

It Is not necessary to introduce the full amount of all the reactants. in particular the fatty-acid lower-alkyi 
ester, into the first reaction zone, but part may also be added to the reaction mixture at a later stage of tiie 
transesterification reaction. Particulariy, in the synthesis of polyol fatty-acid polyesters having very specific 
fatty-acid compositions, e.g. a combination of two or more sharp fatty-add fractions, addition of different 
50 fractions of fatty-add lower-alkyi esters con-esponding to such sharp fatty-acid fractions during later stages 
of the esterification reaction may be desirable or necessary. 

Suitable transesterification catalysts include the group consistirtg of alkali metals, alkaline earth metals, 
and alloys thereof, as weH as the alkoxides. bicartx)nates, cart)onates, hydrides, and hydroxides of such 
metals. KOH has been found to be particulariy suitable, but also NaOH and the corresponding carbonates. 
55 and bicarfx)nates of potassium or sodium can be advantageously used. Although one might argue tiiat tiie 
above reagents are not tiie catalysts themselves, but are reagents forming the catalyst, in this specification 
as is done in the literature relating to similar processes, this group will be referred to as catalysts. 

tn general the catalyst is introduced into the first reaction zone as part of the In-going stream containing 
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the polyoL Part of the polyol will have reacted with the catalyst under formation of the polyol anion which in 
the reaction is believed to be the actual catalyzing agent 

The catalyst is used in an amount corresponding to a molar ratio of catalyst : polyol of at least 0.01:1. 
and in particular of within the range of 0.05:1 to 1:1. Preferred catalyst : polyol ratios lie within the range of 
5 0.1:1 to 0.3:1. best results having been found with ratios witfiin the range of from 0^1 to 0.3:1. 

During the start-up of the process in accordance with the present invention an emutsifier should be 
Introduced to improve contact between the various reactants particularly in said first reaction zone. Many 
types of alkali-resistant emulsrfiers can suitably be used, such as edible emutsifiers Including phosphatides, 
such as lecithin, mono- and diglycen'des and sugar oligoesters of fatty acids, in particular the mono-and 
10 diesters. and detergents, such as soaps and alkali metal alkyi sulphates. 

Preferred emulstfiers are alkali metal soaps derived from any of the fatty acids as defined hereinbefore. 
It has been found that conversion rates of polyol to polyol fatty-add ester are improved as also any 
viscosity problems during the final stages of the esterification reaction are avoided when fatty-acid soap 
emulstfiers are used comprising at least 15% by weight short-chain fatty add soaps. Preferred levels of 
75 short chain fetty-add soap are 75 to 100% by weight Such short chain fatty-add soaps are characterized 
by a fatty-acid chain lengths of less than 15 caitoti atoms, and in particular within the range of 6 to 14 
carbon atoms, such as coconut soap. 

Suitable amounts of emulsifier in the first reactton zone in general lie within the range of from 0.1 to 
15% by weight of the total reactant mixture, and in particular, of from 0.2 to 12%. amounts of 1 to 4% by 
20 weight being preferred. At the start-up of the reaction such amounts of emulsifier are introduced into the 
first reaction zone preferably as part of the one or more in-going reactant streams of polyol and lower-alkyi 
fatty-add ester, during steady-state conditions in the first reaction zone the emulsifier may also be 
introduced by redrculation from further stages of the esterification reaction. The molar ratio of emulsifier to 
polyol durirtg steady-state conditions in the first reaction zone preferably is within the range of 0.2:1 to 
25 0.8:1. molar ratios of 0.3:1 to 0.7:1. such as about 0.4:1 being preferred most 

Particularly, when the emulsifier is selected from the group of alkali metal soaps, it may be convenient 
t>efore introduction into the first reaction zone, to first dissolve the corresponding fatty adds in the lower- 
alkyl fatty add ester and neutralize with an alkaline material, such as KOH. 

Optionally, before introduction of the various components into the first reaction zone one or more 
30 solvents may be used to improve addition and mixing thereof. Suitable solvents include water and/or lower 
alcohols, such as Ct-Cs alcohols, in particular methanol. 

It is an essential feature of the processes in accordance with the present invention that before 
introduction into the first reaction zone any such solvents are substantially removed to achieve In the first 
reaction zone substantially solvent-free reaction conditions. 
35 By substantially solvent-free reaction conditions is meant less than 0.5 % by weight of solvent., in 
particular of water. In prindple solvent levels at the start-up of the transesterification reaction should be as 
k>w as possible, but to some extent will be determined by economic considerations. Solvent levels of less 
than 0.1 % by weight and particularly of from 0.01 % to 0.08 % by weight are preferred, effecting levels of 
below 0.01 % by weight getting prohibitively expensive. 
40 De-solvatizing of the various components or component mixes may be suitably achieved by way of 
spray-drying which may be earned out at introduction Into the first reaction zone, but preferably before such 
Introduction, by passing the mixture through a spraying nozzle under drying conditions. 

it may be of further advantage to pre-homogenize streams of combined components fed to the first 
reaction zone before the passing thereof through the spraying nozzle by an altemative agitation step for 
45 example employing a dynamic or static mixer, or flow restriction in the feed line to the spraying nozzle. 

Preferably, in the first reaction zone agitation is applied to ensure thorough mixing of the reaction 
components and to aid the removal of the lower- alkyI alcohols which are formed during the tran- 
sesterification reaction. Such agitation is suitably achieved by stirring. 

The streams of reactants to and from the first reaction zone should be such that under the temperature 
50 and pressure conditions described hereunder In more detail, the average residence time of the reaction 
mixture in the first zone is caused to be within the range of 1 to 4 hours, in particular of 1.2 to 3 hours. To 
minimize the risk of non-partidpating polyol average residence times in the range of from 1.5 to 2.5 are 
preferred, best results tseing obtained using residence times in the range of from 1 .7, and particulariy 1 .8, to 
2.2 hours. 

55 In accordance with the process of the present invention the out-going reaction mixture from the first 
reaction zone is subsequently further reacted under suitable conditions to cause transesterification to tiie 
desired polyol fatty-add esters. This may be carried out botti batch-wise or continuously. 

In general, the transesterification reaction both in the first reaction zone and in the subsequent further 
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reaction is carried out at elevated temperature, in particutar, in the range of from 100 to 180* C. a reaction 
temperature in the range of 110 to 160* C being pretend, temperatures in the range of from 120 to 150* C 
or even 130 to 140* C being preferred most 

The reaction is cam'ed out under such conditions that the lower-atkyi alcohols formed in the tran- 

5 sestedfication. are removed during the reaction. To this purpose the reaction is advantageously carried out 
at reduced pressure in terms of the partial vapour pressure, of the lower-alkyl alcohol. Suitably such partial 
vapour pressures in the first reaction zone are reduced to levels within the range of from 20 to 200 mbar, 
pressures of 35 to 150 and particulariy of 40 to 125 mbar being preferred. Best results are obtained with 
prssure levels oi from 40 to 100 mbar. During the reaction subsequent to the first reaction zone pressures 

to are applied as low as possible, such as below 50 mbar and in particular below 25 mbar. When full 
esterification of the polyol is aimed at, tiie partial vapour pressure of the lower-aifcyl alcohol is preferably 
reduced to a level of less than 10 mbar. and most preferably to a level of less than 5 mbar. These 
pressures may be achieved by gradual pressure reduction over time in a batch-wise process, but also by a 
step*wise pressure reduction over two or more reaction compartments or zones in a continuous process. 

IS Particulariy during tiie final stage of a batch-wise process or in the final reaction zone of a continuous 
process, a preferred method to reduce ti>e lower-alkyl alcohol partial vapour pressure is to use a stripping 
agent to ensure adequate removal of the kmer-alkyl alcohol formed during the transesterification reaction. 
Suitable such stripping agents Include inert gases, such as nitrogen, and volatile (under reaction conditions) 
organic compounds having low or no oxidating tendency. A particularly preferred stripping agent of the 

20 latter type is hexane. 

Appropriate amounts of stripping agent tfirough tt>e reaction mixture are dependent upon the reaction 
conditions and tiie set-up and dimensions of the equipment. In general, suitable amounts of stripping agent 
during the final stages of the reaction lie witiiin tiie range of 1000 to 4000 litres of stripping agent per kg of 
reaction mixture, amounts within the range of 2000 to 3000 litres/kg being preferred. 
25 Although often suitable partial vapour pressures during eariter stages of the transesterification reaction 
can bQ achieved without the use of stripping agents, if it is desired to use stripping agents also during these 
stages of the transesterification reaction, only lower amounts of stripping agent are needed. Being 
somewhat dependent upon the molar ration of polyol versus fatty-acid lower-alkyi ester, suitable amounts of 
stripping agent during the initial stages preferably are sefected within the range of 30 to 700 litres/kg. and in 
30 particular witiiin tfie range of 60 to 300 Iitres/kg. 

The amount of stripping agent Is expressed as litres per kg of reaction mixture under the pressure and 
temperature conditions of the reaction mixture at the moment of stripping. 

Suitable contact between the stripping agent and tiie reaction mixture is normally established due to the 
whirling action caused by the stripping agent flowing through the reaction mixture. However, it may be 
35 desirable to apply furtiier agitation by way of appropriate stin-er means. 

Preferably, after leaving tfie reaction mixture tiie stripping agent is first at least partiy. separated from 
the lower alkyl alcohol, and subsequentiy redrculated to the reaction mixture. 

Altiiough the process of tiie present invention Is suitable for tiie syntiiesis^ of botii polyol fatty-acid 
oligoesters and polyesters as defined hereinbefore, it is particulariy directed to the synthesis of tiie 
40 polyester group. The polyesters will in general be characterised by a degree of polyol conversion of 70 % 
or more, degrees of polyol conversion of 80 % or more, or even of 90 % or more bemg preferred. In 
particular, such polyesters derived from the sugar polyols selected from the group of disaccharides or the 
alcohol derivatives ttiereof, such as sucrose, and esterified to a degree of polyol conversion of 95 % or 
more, or even of 98 % or more, are suitably and preferably synthesized by the method in accordance with 
45 the present invention. 

The invention will now be illustrated more specifically in the following experimental examples. 

Where a full synthesis was tested tiie processes described in tiie following examples were carried out 
in a reactor configuration consisting of a pre-reactor and a main reactor. 

The pre-reactor (which corresponds to the first reaction zone in accordance with the invention) 
so consisted of a cylindrical reaction vessel provided with means for stirring and heating, in- and outiets for 
stripping agent a peristaltic-pump driven feed for tiie in-going stream of reactants and a peristaltic-pump 
driven suction line for tfie out-going product stream of reaction mixture from the pre-reactor to the main 
reactor. The inlet point of the suction One in ttie pre-reactor was such ttiat all fluids above a certain point 
were removed. 

55 As the main reactor a three-tray column reactor with means for heating and counter-current stripping 
was used. 

In tfie eicamples 1 to 11 ttie polyol was sucrose, the transesterification catalyst was potassium 
hydroxide, tfie emulsifier was the potassium soap of coconut fatty adds and the fatty-acid lower-alkyi ester 
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was the methanol ester of fatty acids derived from partially hardened soybean oil (hardened to a melting 
point of 28* C). These reactants were introduced in the pre-reactor in the form of a single stream formed by 
combining a concentrated slun7 (about 10-15 %) of the coconut soap in part of the soybean methanol ester 
with a sucrose/KOH dispersion (about 10 %) in the remainder of the soybean methanol ester. 
5 In both the pre*reactor and the main reactor partial nvethanol pressures were reduced by way of 
stripping. As stripping agent nitrogen gas was used. 

In the examples ail percentages are expressed by weight of the total reaction mixture unless indicated 
otherwise. 



10 

SCAMP1£ 1 

The reactant feed to the pre-reactor consisted of: 



15 



sucrose 


6.24% 


KOH 


0.27% 


soapO 


3.13% 


soybean methanol ester 


90.30% 


water 


0.06% 



0 2.8% of coconut soap plus 0.3% of soybean soap due to partial 
conversion of the soybean methanol ester. 



In terms of molar ratios these amounts corresponded to: 



30 



KOH : sucrose 


0.27 : 1 


soap : sucrose 


0.65 : 1 


soylsean methanol ester : sucrose 


16.7 : 1 



The reaction conditions in the pre-reactor (volume atx>ut 1 litre) were: 

35 



temperature 


135*C 


partial methanol pressure 


55 ml^ 


stirring power input per volume of reaction mixture 


4-5 W/l 


stripping gas volume per weight of reactant feed 


149 I/kg 0 


average residence time of reaction mixture in pre-reactor 


1 .8 hours 



O under reaction conditions 



Reaching steady-state in about 2.5 average residence times after start-up, tiie composition of the out-going 
product stream of reaction mixture from ttie pre-reactor which was fed to the first compartment of the main 
reactor, was: 



sucrose oligoester (degree of conversion: 16.7%) 


12.71% 


sucrose 


0.02% 


KOH 


0.11% 


soap 


3.90% 


soybean metiianol ester 


82.97% 



The reaction conditions in the various compartments of tiie main reactor (total reactor volume of about 3 
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litres) were: 





reactor compartments 


1 


2 


3 


temperature (*C) 

average residence time (hours) 

partial methanol pressure Q 

degree of conversion of sucrose polyester 

0 stripping gas volume per weight of reactant feed 


137' C 

1.7 h * 
16 mbar 
71.1% 


133'C 
1.9 h 
5 mbar 
91.1% 


137'C 
2.0 h 
1 mbar 
96.6% 


2500 1/kg 



The composition of the final product from the main reactor was: 



sucrose polyester (degree of conversion: 96.6%) 


45.60% 


sucrose 


0.00% 


KOH 


0.04% 


soap 


4.16% 


soybean methanol ester 


49.59% 


water 


0.02% 



25 

EXAMPLE 2 

„ The reactant feed to the pre-reactor consisted of: 



sucrose 


6.23% 


KOH 


0.25% 


coconut soap 0 


3.15% 


soybean methanol ester 


90.33% 


water 


0.04% 



0 includes 0.30% of soybean methanol ester derived soap 



40 

In terms of molar ratios these amounts corresponded to: 





KOH : sucrose 


0.25 : 1 


45 


soap : sucrose 


0.65 : 1 




soybean methanol ester : sucrose 


16.8 : 1 



The reaction conditions in the pre-reactor (0.79 kg reaction mixture) were: 

50 
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temperature 


135'C 


partial methanol pressure 


46 mbar 


stirring power input per volume of reaction mixture 


4-5 W/l 


stripping gas volume per weight of reactant feed 


2681/kgn 


average residence time of reaction mixture in pre-reactor 


15 hours 



O under reaction conditions 



10 

Reaching steady-state in about 2.5 average residence times after start-up, ttie composition of tiie out-going 
product stream of reaction mixture from the pre-reactor was: 



sucrose otigoester (degree of conversion: 25.6%) 


16^7% 


sucrose 


0.00% 


KOH 


0.06% 


soap 


4.11% 


soybean methanol ester 


79.22% 



20 



EXAMPLE S 

2S 

The reactant feed to the pre*reactor consisted of: 



sucrose 


6.10% 


KOH 


0.27% 


coconut soap 0 


2.84% 


soybean methanol ester 


90.69% 


water 


0.10% 



O includes 0.30% of soybean methanol ester derived soap 
35 '■ 

In terms of molar ratios these amounts corresponded to: 



KOH : sucrose 


0.27 : 1 


soap : sucrose 


0.60 : 1 


soybean methanol ester : sucrose 


17.2: 1 



The reaction conditions in the pre-reactor (0.77 kg reaction mixture) were: 



temperature 


135*C 


partial methanol pressure 


42 mbar 


stirring power input per volume of reaction mixture 


4-5 W/l 


stripping gas volume per weight of reactant feed 


3641/kg^O 


average residence time of reaction mixture in pre-reactor 


2.0 hours 



(^ under reaction conditions 



55 

Reaching steady-state in about 2.5 average residence times after start-up. tiie composition of the out-going 
product stream of reaction mixture from the pre-reactor was: 
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sucrose ollgoester (degree of conversion: 22J2%) 


18.50% 


sucrose 


0.00% 


KOH 


0.04% 


soap 


3.82% 


soybean methanol ester 


77.01% 



10 

EXAMPLE 4 

The reactant feed to the pre-reactor consisted of: 



sucrose 


6.72% 


KOH 


0.48% 


coconut soapO 


3.21% 


soyt>ean methanol ester 


89.52% 


water 


0.07% 



O includes 0.3% of soybean methanol ester derived soap 



25 In tenms of molar ratios these amounts corresponded to: 



KOH : sucrose 


0.44: 1 


soap : sucrose 


0.62 : 1 


soybean methanol ester : sucrose 


15.4:1 



The reaction conditions in the pre-reactor (0.73 kg reaction mixture) were: 



3S 


temperature 


136'C 




partial methanol pressure 


42 mbar 




stirring power input per volume of reaction mixture 


4-5 W/l 




stripping gas volume per weight of reactant feed 


142 I/kg (0 


40 


average residence time of reaction mixture in pre-reactor 


1 .8 hours 




0 under reaction conditions 





Reaching steady-state in about 2.5 average residence times after start-up, the composition of the out-going 
product stream of reaction mixture from the pre-reactor was: 



sucrose ollgoester (degree of conversion: 10.3%) 


10.73% 


sucrose 


0.19% 


KOH 


0.13% 


soap 


4.67% 


soybean methanol ester 


82.82% 



55 



EXAMPLES ' 
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The reactant feed to the pre-reactor consisted of: 



sucrose 


6.80% 


KOH 


0.31% 


coconut soap 0 


3.25% 


soybean methanol ester, 


89.57% 


water 


0.07% 



O includes 0.3% of soybean methanol ester derived soap 
10 



In terms of molar ratios these amounts corresponded to: 



IS 



KOH : sucrose 


028:1 


soap : sucrose 


0.62: 1 


soybean methanol ester : sucrose 


15.2: 1 



20 

The reaction conditions in the pre-reactor (0.77 kg reaction mixture) were: 



temperature 


135' C 


partial methanol pressure 


41 mbar 


stirring power input per volume of reaction mixture 


4-5 W/l 


stripping gas volume per weight of reactant feed 


518 I/kg O 


average residence time of reaction mixture in pre-reactor 


1.8 hours 



O under reaction conditions 
30 

Reaching steady-state in about 2.5 average residence times after start-up. the composition of the out-going 
product stream of reaction mixture from the pre-reactor was: 

35 



sucrose oligoester (degree of conversion: 41 .5%) 


23.71% 


sucrose 


0.28% 


KOH 


0.11% 


soap 


4.11% 


soybean methanol ester 


71.22% 



EXAMPLE 6 

The reactant feed to the pre-reactor consisted of: 



sucrose 


5.99% 


KOH 


0.26% 


coconut soap 0 


2.07% 


soybean methanol ester 


91.63% 


water 


0.05% 



n includes 0^% of soyfc^e^n methanol ester derived soap 
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In terms of molar ratios these amounts corresponded to: 



KOH : sucrose 


0.26 : 1 


soap : sucrose 


0.46:1 


soybean methanol ester : sucrose 


17.7 : 1 



The reaction conditions in the pre-feactor (0.77 kg reaction mixture) were: 

70 



temperature 


135'C 


partial methanol pressure 


86 mbar 


stining power input per volume of reaction mixture 


4-5 W/l 


stripping gas volume per weight of reactant feed 


95 I/kg 0 


average residence time of reaction mixture in pre-reactor 


1.9 hours 



0 under reaction conditions 



Reaching steady-state in at>out 2.5 average residence times after start-up, the composition of the out-going 
product stream of reaction mixture from the pre-reactor was: 



25 



sucrose oligoester (degree of conversion: 20.2%) 


12.33% 


sucrose 


0.55% 


KOH 


0.12% 


soap 


2.73% 


soybean methanol ester 


83.97% 



30 



EXAMPLE 7 
35' ~ 

The reactant feed to the pre^eactor consisted of: 



40 



sucrose 


5.89% 


KOH 


0.39% 


coconut soap 0 


3.47% 


soyt>ean metharral ester 


90.17% 


water 


0.08% 



O includes 0.3% of soybean methanol ester derived soap 

45 



In terms of molar ratios these amounts corresponded to: 



KOH : sucrose 


0.40 : 1 


soap : sucrose 


0.76 : 1 


soybean methanol ester : sucrose 


17.7:1 



55 

The reaction conditions in the pre-reactor (88 kg reaction mixture) were: 
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temperature 


135*C 


partial methanol pressure 


50 mbar 


stirring power input per volume of reaction mixture 


4-5 W/l 


stripping gas volume per weight of reactant feed 


166 I/kg n 


average residence time of reaction mixture in pre-reactor 


1.9 hours 



O under reaction conditions 



Reaching steady-state In about 2.5 average residence times after start-up. the composition of the out-going 
product stream of reaction mixture from the pre-reactor which was fed to the main reactor (identical to the 
pre-reactor). was: 



sucrose oligoester (degree of conversion: 18.5%) 


12.44% 


sucrose 


0.13% 


KOH 


0.12% 


soap 


3.17% 


soybean metiianol ester 


83.46% 



The reaction conditions in the main reactor (104 kg reaction mixture) were: 



25 


temperature (*C) 


136*C 




average residence time (hours) 


2.2 h 




partial methanol pressure 0 


39 mbar 




0 stripping gas volume per weight of reactant feed 


261 Vkg 



30 



The composition of the final product from the main reactor was: 



sucrose polyester (degree of conversion: 40.7%) 


20.81% 


sucrose 


0.00% 


KOH 


0.07% 


soap 


5.10% 


soybean methanol ester 


74.00% 


water 


0.02% 



^ EXAMPLE S 

The reactant feed to tiie pre-reactor consisted of: 



so 



sucrose 


14.05% 


KOH 


0.57% 


coconut soap f} 


5.38% 


soybean methanol ester 


79.86% 


water 


0.14% 



(*) includes 0.55% of soybean methanol ester derived soap 
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In terms of molar ratios these amounts corresponded to: 



KOH : sucrose 


0^5:1 


soap : sucrose 


0.49 : 1 


soybean methanol ester : sucrose 


6.57:1 



The reaction conditions in the pre-reactor (0.64 kg reaction mixture) were: 

TO 



temperature 


135* C 


partial methanol pressure 


42 mt>ar 


stirring power input per volume of reaction mixture 


4-5 W/1 


stripping gas volume per weight of reactant feed 


602 I/kg 0 


average residence time of reaction mixture in pre-reactor 


1.7 hours 



n under reaction conditions 



20 

Reaching steady-state in about 2.5 average residence times after start-up. the composition of the out-going 
product stream of reaction mixture from the pre-reactor was: 



sucrose digoester (degree of conversion: 22.8%) 


33.89% 


sucrose 


1.22% 


KOH 


0^4% 


soap 


6.87% 


soybean methanol ester 


57.78% 



30 



EXAMPLE 9 

3S 

The reactant feed to the pre-reactor consisted of: 



40 



sucrose 


9.24% 


KOH 


0.36% 


coconut soap 0 


4.32% 


soybean methanol ester 


85.96% 


water 


0.12% 



0 includes 0.45% of soyt>ean methanol ester derived soap 
In terms of molar ratios these amounts con-esponded to: 



KOH : sucrose 


0.24: 1 


soap : sucrose 


0.60 : 1 


soybean methanol ester : sucrose 


10.7: 1 



55 

The reaction conditions in the pre-reactor (0.75 kg reaction mixture) were: 
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temperature 


136*C 


partial methanol pressure 


42 mbar 


stim*ng power input per volume of reaction mixture 


4-5 W/1 


stripping gas volume per weight of reactant feed 


3731/kgO 


average residence time of reaction mixture in pre-reactor 


1 .9 hours 



n under reaction conditions 



70 

Reaching steady-state in about ZS average residence times after start*up, the composition of the out-going 
product stream of reaction mixture from the pre-reactor was: 



sucrose oligoester (degree of conversion: 22^%) 


21^1% 


sucrose 


0.48% 


KOH 


0.09% 


soap 


571% 


soybean methanol ester 


71.76% 



20 



EXAMPLE 10 

25 

The reactant feed to the pre-reactor consisted of: 



sucrose 


5.51% 


KOH 


0.27% 


coconut soap 0 


2.01% 


soybean methanol ester 


92.17% 


water 


0.04% 



n includes 0.55% of soybean methanol ester derived soap 

35 

In terms of molar ratios these amounts corresponded to: 



KOH : sucrose 


0.30 : 1 


soap : sucrose 


0.47 : 1 


soyt>ean methanol ester : sucrose 


21.6:1 



The reaction conditions in the pre-reactor (0.90 kg reaction mixture) were: 



temperature 


136'C 


partial methanol pressure 


45 mbar 


stirring power input per volume of reaction mixture 


4-5 W/l 


stripping gas volume per weight of reactant feed 


155 I/kg (0 


average residence time of reaction mixture in pre-reactor 


2.5 hours 



O under reaction conditions 



55 

Reaching steady-state in sbouX 2.5 average residence times after start-up, the composition of the out-going 
product stream of reaction mixture from the pre-reactor which was fed to the main reactor (identical to the 



14 



EP 0 383 404 A2 



pre-reactor), was: 



5 


sucrose oligoester (degree of conversion: 18.5%) 

sucrose 

KOH 

soap 

soybean n^thanol ester 


10.23% 
0.83% 
0.09% 
2.70% 

86.22% 


70 

The reaction conditions in the main reactor (0.51 kg reaction mixture) were: 


75 


temperature (*C) 

average residence time (hours) 

partial methanol pressure 0 

0 stripping gas volume per weight of reactant feed 


135* C 
1.4 h 
16 mbar 
1315 1/kg 


^ The composition of the final product from the main reactor was: 


25 


sucrose polyester (degree of conversion: 67.0%) 

sucrose 

KOH 

soap 

soybean methanol ester 


27.36% 
0.26% 
0.07% 
3.53% 

68.79% 



30 



35 



40 



45 



EXAIVtPLE 11 



The reactant feed to the pre-reactor consisted of: 



sucrose 


7.50% 


KOH 


0.31% 


coconut soap 0 


2.80% 


soyt)ean methanol ester 


89.33% 


water 


0.06% 



O includes 0.3% of soybean methanol ester derived soap 



In terms of molar ratios these amounts corresponded to: 





KOH : sucrose 


0.25:1 


50 


soap : sucrose 


0.48:1 




soybean methanol ester : sucrose 


13.8 : 1 



The reaction conditions in the pre-reactor (0.74 kg reaction mixture) were: 

55 
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temperature 


135'C 


partial methanol pressure 


51 mbar 


sdrrlng power Input per volume of reaction mixture 


4-5 W/I 


stripping gas volume per weight of reactant feed 


310 I/kg 0 


average residence time of reaction mixture in pre-reactor 


1.9 hours 



O under reaction conditions 



10 

Reaching steady-state in about 2.5 average residence times after start-up. the composition of ttie out-going 
product stream of reaction mixture from the pre-reactor was: 



sucrose oligoester (degree of conversion: 27.1%) 


19.97% 


sucrose 


1.14% 


KOH 


0.12% 


soap 


3.81% 


soyt)ean metiianol ester 


74.96% 



20 



Claims 

25 

1. A process for the synthesis of polyol fatty-acid esters by reacting a polyol and a fatty-acid lower-alkyi 
ester under substantially solvent-free conditions In tiie presence of a transesterification catalyst and an 
emulsifier, charactenzed in that the process comprises 

an initial reaction stage (a) which is carried out in a first reaction zone under such conditions that the 
30 reaction mixture in said first zone is in steady-state with mass-balanced one or more in-going reactant 

streams into said first zone and out-going product streams from said first zone, said one or more in-going 

reactant streams comprising polyol and fatty-acid lower-alkyi ester, and said out-going product streams 

comprising reaction mixture having a polyol conversion of 1 % or more and lower-alkyi alcohol formed 

during the initial stage of the synthesis, and 
35 a sut)sequent reaction stage (b) in which tiie reaction mixture from said first zone, optionally after combining 

with any remaining part of reactants, is furtiier reacted to said polyol fatty-acid esters in one or more 

subsequent reaction zones. 

2. A process according to daim 1 wherein the emulsifier is an alkali metal soap. 

3. A process according to claim 2 wherein the alkali metal soap is selected from the group of short 
40 chain soaps having a chain lengtti witiiin the range of from 6 to 14 carbon atoms. 

4. A process according to any one of the preceding claims wherein the fatty-acid lower-alkyi ester is a 
fatty-add methyl ester. 

5. A process according to any one of the preceding claims wherein tiie transesterification catalyst is 
selected from the group consisting of hydroxides, cartxtnates and bicarbonates of potassium and sodium. 

45 6. A process according to any one of tiie preceding claims wherein tfie reaction mixture in said first 
reaction zone has a degree of polyol conversion of within the range of from 10 to 40 %. 

7. A process according to any one of the preceding claims wherein the reaction mixture in said first 
zone has a solvent level of 0.1 % by weight or less. 

8. A process according to any one of the preceding daims wherein the reaction temperature in said first 
50 zone is maintained at a level of within the range of from 120 to 150* C. 

9. A process according to any one of tiie preceding claims wherein the partial vapour pressure of the 
fatty-add lower-alkyt ester in said first reaction zone is reduced to a level of within the range of from 40 to 
125 mbar. 

10. A process according to daim 9 wherein tiie partial vapour pressure is reduced by tiie use of a 
55 stripping agent 

11. A process according to claim 10 wherein the stripping agent is used in an amount within the range 
of from 60 to 300 litres stripping agent per kg of reacticxi mixture. 

12. A process according to any one of the pre^ding claims wherein the average residence time of tiie 
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reaction mixture in said first zone is caused to be within tKe range of from 1.5 to 2.5 hours. 

13. A process according to any one of the preceding claims wherein the molar ratio of tran- 
sesterification catalyst to polyol in said first reaction zone is within the range of from 0.1:1 to 0.3:1. 

14. A process according to any one of the preceding claims wherein the motar ratio of emulsifier to 
5 polyol in said first reaction zone Is within the range of from 02:1 to 0.8:1. 

15. A process according to any one of the preceding claims for the synthesis of polyol fattyacid 
polyesters. 

16. A process according to claim 15 for the synthesis of polyol fatty-acid polyesters having a polyol 
conversion of 90 % or more. 

10 17. A process according to any one of the preceding claims wherein the polyol Is sucrose. 

18. A process according to claim 15 wherein the molar ratio of fattyacid lower-alky I ester to sucrose is 
within the range of from 10:5:1 to 18:1. 

19. A process according to any one of the preceding claims wherein said first reaction zone is fully 
separate from said one or more subsequent reaction zones. 

T5 20. A process according to any one of the preceding claims wherein said one or more subsequent 
reaction zones are compartments of a multi-tray column reactor. 
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